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1
ANTIBODY COMPOSITION-PRODUCING
CELL

This is a continuation of application Ser. No. 13/672,006
filed Nov. 8, 2012 (allowed), which is divisional of applica-
tion Ser. No. 13/102,565, filed May 6, 2011 (U.S. Pat. No.
8,329,443), which is a continuation of application Ser. No.
12/628,083, filed Nov. 30, 2009 (abandoned), which is a
continuation of application Ser. No. 11/218,473, filed Sep. 6,
2005 (now U.S. Pat. No. 7,741,442), which is a divisional of
application Ser. No. 09/971,773 filed Oct. 9, 2001 (now U.S.
Pat. No. 6,946,292), which claims benefit of Provisional
Application No. 60/268,916 filed Feb. 16, 2001, International
Application No. PCT/JP01/08804 filed Oct. 5, 2001, and
Japanese Patent Application No. 2000-308526 filed Oct. 6,
2000. The entire disclosures of the prior applications are
considered part of the disclosure and are hereby incorporated
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a cell for the production of
an antibody molecule such as an antibody useful for various
diseases, a fragment of the antibody and a fusion protein
having the Fc region of the antibody or the like, a method for
producing an antibody composition using the cell, the anti-
body composition and use thereof.

2. Brief Description of the Background Art

Since antibodies have high binding activity, binding speci-
ficity and high stability in blood, their applications to diag-
nosis, prevention and treatment of various human diseases
have been attempted [ Monoclonal Antibodies: Principles and
Applications, Wiley-Liss, Inc., Chapter 2.1 (1995)]. Also,
production of a humanized antibody such as a human chi-
meric antibody or a human complementarity determining
region (hereinafter referred to as “CDR”)-grafted antibody
from an antibody derived from an animal other than human
have been attempted by using genetic recombination tech-
niques. The human chimeric antibody is an antibody in which
its antibody variable region (hereinafter referred to as “V
region”) is an antibody derived from an animal other than
human and its constant region (hereinafter referred to as “C
region”) is derived from a human antibody. The human CDR-
grafted antibody is an antibody in which the CDR of a human
antibody is replaced by CDR of an antibody derived from an
animal other than human.

It has been revealed that five classes, namely IgM, IgD,
IgG, IgA and IgE, are present in antibodies derived from
mammals. Antibodies of human IgG class are mainly used for
the diagnosis, prevention and treatment of various human
diseases because they have functional characteristics such as
long half-life in blood, various effector functions and the like
[Monoclonal Antibodies: Principles and Applications,
Wiley-Liss, Inc., Chapter 1 (1995)]. The human IgG class
antibody is further classified into the following 4 subclasses:
1gG1, 1gG2, IgG3 and IgG4. A large number of studies have
so far been conducted for antibody-dependent cell-mediated
cytotoxic activity (hereinafter referred to as “ADCC activ-
ity”’) and complement-dependent cytotoxic activity (herein-
after referred to as “CDC activity”) as effector functions of
the IgG class antibody, and it has been reported that among
antibodies of the human IgG class, the IgG1 subclass has the
highest ADCC activity and CDC activity [Chemical Immu-
nology, 65, 88 (1997)]. In view of the above, most of the
anti-tumor humanized antibodies, including commercially
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available Rituxan and Herceptin, which require high effector
functions for the expression of their effects, are antibodies of
the human IgG1 subclass.

Expression of ADCC activity and CDC activity of the
human IgG1 subclass antibodies requires binding of the Fc
region of the antibody to an antibody receptor existing on the
surface of an effector cell, such as a killer cell, a natural killer
cell, an activated macrophage or the like (hereinafter referred
to as “FcyR”) and various complement components are
bound. Regarding the binding, it has been suggested that
several amino acid residues in the hinge region and the second
domain of C region (hereinafter referred to as “Cy2 domain™)
of the antibody are important [Eur J. Immunol., 23, 1098
(1993), Immunology, 86,319 (1995), Chemical Immunology,
65, 88 (1997)] and that a sugar chain binding to the Cy2
domain [Chemical Immunology, 65, 88 (1997)] is also impor-
tant.

Regarding the sugar chain, Boyd et al. have examined
effects of a sugar chain on the ADCC activity and CDC
activity by treating a human CDR-grafted antibody CAM-
PATH-1H (human IgG1 subclass) produced by a Chinese
hamster ovary cell (CHO cell) or a mouse myeloma NSO cell
(NSO cell) with various sugar hydrolyzing enzymes, and
reported that elimination of the non-reducing end sialic acid
did not have influence upon both activities, but the CDC
activity alone was affected by further removal of galactose
residue and about 50% of the activity was decreased, and that
complete removal of the sugar chain caused disappearance of
both activities [Molecular Immunol., 32, 1311 (1995)]. Also,
Lifely et al. have analyzed the sugar chain bound to a human
CDR-grafted antibody CAMPATH-1H (human IgG1 sub-
class) which was produced by CHO cell, NSO cell or rat
myeloma YO cell, measured its ADCC activity, and reported
that the CAMPATH-1H derived from YO cell showed the
highest ADCC activity, suggesting that N-acetylglucosamine
(hereinafter referred also to as “GlcNAc”) at the bisecting
position is important for the activity [Glycobiology, 5, 813
(1995); WO 99/54342]. These reports indicate that the struc-
ture of the sugar chain plays an important role in the effector
functions of human antibodies of IgG1 subclass and that it is
possible to prepare an antibody having more higher effector
function by changing the structure of the sugar chain. How-
ever, actually, structures of sugar chains are various and com-
plex, and it cannot be said that an actual important structure
for the effector function was identified.

Sugar chains of glycoproteins are roughly divided into two
types, namely a sugar chain which binds to asparagine
(N-glycoside-linked sugar chain) and a sugar chain which
binds to other amino acid such as serine, threonine (O-glyco-
side-linked sugar chain), based on the binding form to the
protein moiety. The N-glycoside-linked sugar chains have
various structures [Biochemical Experimentation Method
23—Method for Studying Glycoprotein Sugar Chain (Gaku-
jutsu Shuppan Center), edited by Reiko Takahashi (1989)],
but it is known that they have a basic common core structure
shown by the following structural formula (I).

@
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The sugar chain terminus which binds to asparagine is
called a reducing end, and the opposite side is called a non-
reducing end. It is known that the N-glycoside-linked sugar
chain includes a high mannose type in which mannose alone
binds to the non-reducing end of the core structure; a complex
type in which the non-reducing end side of the core structure
has at least one parallel branches of galactose-N-acetylglu-
cosamine (hereinafter referred to as “Gal-GIlcNAc”) and the
non-reducing end side of Gal-GlcNAc has a structure of sialic
acid, bisecting N-acetylglucosamine or the like; a hybrid type
in which the non-reducing end side of the core structure has
branches of both of the high mannose type and complex type;
and the like.

In the Fc region of an antibody of an IgG type, two N-gly-
coside-linked sugar chain binding sites are present. In serum
IgG, to the sugar chain binding site, generally, binds a com-
plex type sugar chain having plural branches and in which
addition of sialic acid or bisecting N-acetylglucosamine is
low. It is known that there is variety in the manner and form in
which addition of galactose is made to the non-reducing end
of'the complex type sugar chain and the addition of fucose to
the N-acetylglucosamine in the reducing end [Leppanen, A,
etal., Biochemistry, (1997) 36, 7026-7036, “in vitro Biosyn-
thesis of a Decasacharide Prototype of Multiply Branched
Polylactoaminoglycan Backbones™].

It has been considered that such a structure of a sugar chain
is determined by sugar chain genes, namely a gene for a
glycosyltransferase which synthesizes a sugar chain and a
gene for a glycolytic enzyme which hydrolyzes the sugar
chain.

Synthesis of an N-glycoside-linked sugar chain is
described below.

Glycoproteins are modified with a sugar chain in the endo-
plasmic reticulum (hereinafter referred to as “ER”) lumen.
During the biosynthesis step of the N-glycoside-linked sugar
chain, a relatively large sugar chain is transferred to the
polypeptide chain which is elongating in the ER lumen. In the
transformation, the sugar chain is firstly added in succession
to phosphate groups of a long chain lipid carrier comprising
about 20 a-isoprene units, which is called dolichol phosphate
(hereinafter referred also to as “P-Dol”). That is, N-acetyl-
glucosamine is transferred to dolichol phosphate to thereby
form GlcNAc-P-P-Dol and then one more GIcNAc is trans-
ferred to form GlcNAc-GlcNAc-P-P-Dol. Next, five man-
noses (hereinafter mannose is also referred to as “Man”) are
transferred to thereby form (Man)s-(GlcNAc),-P-P-Dol and
then four Man’s and three glucoses (hereinafter glucose is
also referred to as “Glc”) are transferred. Thus, a sugar chain
precursor, (Glc);-(Man)y-(GleNAc),-P-P-Dol, called core
oligosaccharide is formed. The sugar chain precursor com-
prising 14 sugars is transferred as a mass to a polypeptide
having an asparagine-X-serine or asparagine-X-threonine
sequence in the ER lumen. In the reaction, dolichol pyrophos-
phate (P-P-Dol) bound to the core oligosaccharide is released
but again becomes dolichol phosphate by hydrolysis with
pyrophosphatase and is recycled. Trimming of the sugar
chain immediately starts after the sugar chain binds to the
polypeptide. That is, 3 Glc’s and 1 or 2 Man’s are eliminated
on the ER, and it is known that a-1,2-glucosidase 1, a.-1,3-
glucosidase 11 and a-1,2-mannosidase relates to the elimina-
tion.

The glycoprotein which was subjected to trimming on the
ER is transferred to the Golgi body and are variously modi-
fied. In the cis part of the Golgi body, N-acetylglucosamine
phosphotransferase which relates to addition of mannose
phosphate, N-acetylglucosamine 1-phosphodiester o-N-
acetylglucosaminidase and ci-mannosidase I are present and
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reduce the Man residues to 5. In the medium part of the Golgi
body, N-acetylglucosamine transferase I (GnTI) which
relates to addition of the first outside GlcNAc of the complex
type N-glycoside-linked sugar chain, a-mannosidase II
which relates to elimination of 2 Man’s, N-acetylglu-
cosamine transferase I1 (GnTII) which relates to addition of
the second GlcNAc from the outside and a-1,6-fucosyltrans-
ferase which relates to addition of fucose to the reducing end
N-acetylglucosamine are present. In the trans part of the
Golgi body, galactose transferase which relates to addition of
galactose and sialyltransferase which relates to addition of
sialic acid such as N-acetylneuraminic acid or the like are
present. It is known that N-glycoside-linked sugar chain is
formed by activities of these various enzymes.

In general, most of the humanized antibodies of which
application to medicaments is in consideration are prepared
using genetic recombination techniques and produced using
Chinese hamster ovary tissue-derived CHO cell as the host
cell. But as described above, since the sugar chain structure
plays a remarkably important role in the effector function of
antibodies and differences are observed in the sugar chain
structure of glycoproteins expressed by host cells, develop-
ment of a host cell which can be used for the production of an
antibody having higher effector function is desired.

In order to modify the sugar chain structure of the produced
glycoprotein, various methods have been attempted, such as
1) application of an inhibitor against an enzyme relating to the
modification of a sugar chain, 2) selection of a mutant, 3)
introduction of a gene encoding an enzyme relating to the
modification of a sugar chain, and the like. Specific examples
are described below.

Examples of an inhibitor against an enzyme relating to the
modification of a sugar chain include tunicamycin which
selectively inhibits formation of GlcNAc-P-P-Dol which is
the first step of the formation of a core oligosaccharide which
is a precursor of an N-glycoside-linked sugar chain, castano-
spermin and N-methyl-1-deoxynojirimycin which are inhibi-
tors of glycosidase I, bromocondulitol which is an inhibitor of
glycosidase II, 1-deoxynojirimycin and 1,4-dioxy-1,4-
imino-D-mannitol which are inhibitors of mannosidase I,
swainsonine which is an inhibitor of mannosidase II and the
like. Examples of an inhibitor specific for a glycosyltrans-
ferase include deoxy derivatives of substrates against
N-acetylglucosamine transferase V (GnTV) and the like
[Glycobiology Series 2—Destiny of Sugar Chain in Cell
(Kodan-sha Scientific), edited by Katsutaka Nagai, Senichiro
Hakomori and Akira Kobata (1993)]. Also, it is known that
1-deoxynojirimycin inhibits synthesis of a complex type
sugar chain and increases the ratio of high mannose type and
hybrid type sugar chains. Actually, it has been reported that
sugar chain structure of IgG was changed and properties such
as antigen binding activity and the like was changed when the
inhibitors were added to a medium [Molecular Immunol., 26,
1113 (1989)].

Mutants regarding the activity of an enzyme relating to the
modification of a sugar chain are mainly selected and
obtained as a lectin-resistant cell line. For example, CHO cell
mutants having various sugar chain structures have been
obtained as a lectin-resistant cell line using a lectin such as
WGA (wheat-germ agglutinin derived from 7. vulgaris),
ConA (cocanavalin A derived from C. ensiformis), RIC (a
toxin derived from R. communis), L-PHA (leucoagglutinin
derived from P. vulgaris), LCA (lentil agglutinin derived
from L. culinaris), PSA (pea lectin derived from P. sativum)
or the like [Somatic Cell Mol. Genet., 12,51 (1986)].

As an example of the modification of the sugar chain struc-
ture of a product obtained by introducing the gene of an
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enzyme relating to the modification of a sugar chain into a
host cell, it has been reported that a protein in which a number
of sialic acid is added to the non-reducing end of the sugar
chain can be produced by introducing rat 3-galactoside-a.-2,
6-sialyltransferase into CHO cell [J. Biol. Chem., 261, 13848
(1989)].

Also, it was confirmed that an H antigen (Fucal-2Galf1-)
in which fucose (hereinafter also referred to as “Fuc”) was
added to the non-reducing end of the sugar chain was
expressed by introducing human [3-galactoside-2-a-fucosyl-
transferase into mouse L cell [Science, 252, 1668 (1991)]. In
addition, based on knowledge that addition of the bisecting-
positioned N-acetylglucosamine of N-glycoside-linked sugar
chain is important for the ADCC activity of antibody, Umana
et al. have prepared CHO cell which expresses [-1,4-N-
acetylglucosamine transferase III (GnTIII) and compared it
with the parent cell line on the expression of GnTIII. It was
confirmed that express of GnTIII was not observed in the
parent cell line of CHO cell [J. Biol. Chem., 261, 13370
(1984)], and that the antibody expressed using the produced
GnTII expressing CHO cell had ADCC activity 16 times
higher than the antibody expressed using the parent cell line
[Glycobiology, 5, 813 (1995): WO 99/54342]. At this time,
Umana et al. have also produced CHO cell into which f$-1,4-
N-acetylglucosamine transferase V (GnTV) was introduced
and reported that excess expression of GnTIII or GnTV
shows toxicity for CHO cell.

Thus, in order to modify the sugar chain structure of the
glycoprotein to be produced, control of the activity of the
enzyme relating to the modification of a sugar chain in the
host cell has been attempted, but actually, the structures of
sugar chains are various and complex, and solution of the
physiological roles of sugar chains would be insufficient, so
that trial and error are repeated. Particularly, although it has
been revealed little by little that the effector function of anti-
bodies is greatly influenced by the sugar chain structure, a
truly important sugar chain structure has not been specified
yet. Accordingly, identification of a sugar chain which has
influence upon the effector function of antibodies and devel-
opment of a host cell to which such a sugar chain structure can
be added are expected for developing medicaments.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a host cell
which produces an antibody composition and can control a
sugar chain structure bound to an antibody molecule, a cell
which can produce an antibody composition having high
ADCC activity, a production method of an antibody compo-
sition using the cell and an antibody composition produced by
the production method.

The present invention relates to the following (1) to (61).

(1) A Chinese hamster ovary tissue-derived CHO cell into
which a gene encoding an antibody molecule is introduced,
which produces an antibody composition comprising an anti-
body molecule having complex N-glycoside-linked sugar
chains bound to the Fc region, wherein among the total com-
plex N-glycoside-linked sugar chains bound to the Fc region
in the composition, the ratio of a sugar chain in which fucose
is not bound to N-acetylglucosamine in the reducing end in
the sugar chain is 20% or more.
(2) The CHO cell according to (1), wherein the sugar chain to
which fucose is not bound is a complex N-glycoside-linked
sugar chain in which 1-position of fucose is not bound to
6-position of N-acetylglucosamine in the reducing end
through a-bond.
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(3) The CHO cell according to (1) or (2), wherein the antibody
molecule belongs to an IgG class.

(4) The CHO cell according to any one of (1) to (3), wherein
the activity of an enzyme relating to the synthesis of an
intracellular sugar nucleotide, GDP-fucose and/or the activity
of'an enzyme relating to the modification of a sugar chain in
which 1-position of fucose is bound to 6-position of N-acetyl-
glucosamine in the reducing end through a-bond in the com-
plex N-glycoside-linked sugar chain is decreased or deleted.
(5) The CHO cell according to (4), wherein the enzyme relat-
ing to the synthesis of an intracellular sugar nucleotide, GDP-
fucose is an enzyme selected from the group consisting of the
following (a), (b) and (c):

(a) GMD (GDP-mannose 4,6-dehydratase);

(b) Fx (GDP-keto-6-deoxymannose 3,5-epimerase, 4-re-
ductase);

(c) GFPP (GDP-beta-L-fucose pyrophosphorylase).

(6) The CHO cell according to (5), wherein the GMD is a
protein encoded by a DNA of the following (a) or (b):

(a) a DNA comprising the nucleotide sequence represented
by SEQ ID NO:65;

(b) a DNA which hybridizes with the DNA comprising the
nucleotide sequence represented by SEQ ID NO:65 under
stringent conditions and encodes a protein having GMD
activity.

(7) The CHO cell according to (5), wherein the GMD is a
protein selected from the group consisting of the following
(a), (b) and (c):

(a) a protein comprising the amino acid sequence repre-
sented by SEQ ID NO:71;

(b) a protein which comprises an amino acid sequence in
which at least one amino acid is deleted, substituted, inserted
and/or added in the amino acid sequence represented by SEQ
ID NO:71 and has GMD activity;

(c) a protein which comprises an amino acid sequence
having a homology of at least 80% with the amino acid
sequence represented by SEQ ID NO:71 and has GMD activ-
ity.

(8) The CHO cell according to (5), wherein the Fx is a protein
encoded by a DNA of the following (a) or (b):

(a) a DNA comprising the nucleotide sequence represented
by SEQ ID NO:48;

(b) a DNA which hybridizes with the DNA comprising the
nucleotide sequence represented by SEQ ID NO:48 under
stringent conditions and encodes a protein having Fx activity.
(9) The CHO cell according to (5), wherein the Fx is a protein
selected from the group consisting of the following (a), (b)
and (c):

(a) a protein comprising the amino acid sequence repre-
sented by SEQ 1D NO:72;

(b) a protein which comprises an amino acid sequence in
which at least one amino acid is deleted, substituted, inserted
and/or added in the amino acid sequence represented by SEQ
ID NO:72 and has Fx activity;

(c) a protein which comprises an amino acid sequence
having a homology of at least 80% with the amino acid
sequence represented by SEQ ID NO:72 and has Fx activity.
(10) The CHO cell according to (5), wherein the GFPP is a
protein encoded by a DNA of the following (a) or (b):

(a) a DNA comprising the nucleotide sequence represented
by SEQ ID NO:51;

(b) a DNA which hybridizes with the DNA comprising the
nucleotide sequence represented by SEQ ID NO:51 under
stringent conditions and encodes a protein having GFPP
activity.
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(11) The CHO cell according to (5), wherein the GFPP is a
protein selected from the group consisting of the following
(a), (b) and (c):

(a) a protein comprising the amino acid sequence repre-
sented by SEQ 1D NO:73;

(b) a protein which comprises an amino acid sequence in
which at least one amino acid is deleted, substituted, inserted
and/or added in the amino acid sequence represented by SEQ
1D NO:73 and has GFPP activity;

(c) a protein which comprises an amino acid sequence

having a homology of at least 80% with the amino acid
sequence represented by SEQ ID NO:73 and has GFPP activ-
ity.
(12) The CHO cell according to (4), wherein the enzyme
relating to the modification of a sugar chain in which 1-posi-
tion of fucose is bound to 6-position of the N-acetylglu-
cosamine in the reducing end through a.-bond in the complex
N-glycoside-linked sugar chain is a.-1,6-fucosyltransferase.
(13) The CHO cell according to (12), wherein the a-1,6-
fucosyltransferase is a protein encoded by a DNA of the
following (a) or (b):

(a) a DNA comprising the nucleotide sequence represented
by SEQ ID NO:1;

(b) a DNA which hybridizes with the DNA comprising the
nucleotide sequence represented by SEQ ID NO:1 under
stringent conditions and encodes a protein having a-1,6-
fucosyltransferase activity.

(14) The CHO cell according to (12), wherein the a-1,6-
fucosyltransferase is a protein selected from the group con-
sisting of the following (a), (b) and (c):

(a) a protein comprising the amino acid sequence repre-
sented by SEQ 1D NO:23;

(b) a protein which comprises an amino acid sequence in
which at least one amino acid is deleted, substituted, inserted
and/or added in the amino acid sequence represented by SEQ
1D NO:23 and has a-1,6-fucosyltransferase activity;

(c) a protein which comprises an amino acid sequence

having a homology of at least 80% with the amino acid
sequence represented by SEQ ID NO:23 and has a.-1,6-fuco-
syltransferase activity.
(15) The CHO cell according to any one of (4) to (14),
wherein the enzyme activity is decreased or deleted by a
technique selected from the group consisting of the following
(@), (b), (¢), (d) and (e):

(a) a gene disruption technique targeting a gene encoding
the enzyme;

(b) atechnique for introducing a dominant negative mutant
of a gene encoding the enzyme;

(c) a technique for introducing mutation into the enzyme;

(d) a technique for inhibiting transcription or translation of
a gene encoding the enzyme;

(e) a technique for selecting a cell line resistant to a lectin
which recognizes a sugar chain in which 1-position of fucose
is bound to 6-position of N-acetylglucosamine in the reduc-
ing end through a-bond in the complex N-glycoside-linked
sugar chain.

(16) The CHO cell according to any one of (4) to (15), which
is resistant to at least a lectin which recognizes a sugar chain
in which 1-position of fucose is bound to 6-position of
N-acetylglucosamine in the reducing end through a-bond in
the complex N-glycoside-linked sugar chain.

(17) The CHO cell according to any one of (4) to (16), which
produces an antibody composition having higher antibody-
dependent cell-mediated cytotoxic activity than an antibody
composition produced by its parent CHO cell.

(18) The CHO cell according to (17), which produces an
antibody composition having higher antibody-dependent
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cell-mediated cytotoxic activity than an antibody composi-
tion in which among the total complex N-glycoside-linked
sugar chains bound to the Fc region contained in the antibody
composition, the ratio of a sugar chain in which fucose is not
bound to N-acetylglucosamine in the reducing end in the
sugar chain is less than 20%.

(19) The CHO cell according to (18), wherein the sugar chain
to which fucose is not bound is a complex N-glycoside-linked
sugar chain in which 1-position of fucose is not bound to
6-position of N-acetylglucosamine in the reducing end
through a-bond.

(20) A method for producing an antibody composition, which
comprises culturing the CHO cell according to any one of (1)
to (19) in a medium to produce and accumulate an antibody
composition in the culture; and recovering the antibody com-
position from the culture.

(21) An antibody composition which is produced using the
method according to (20).

(22) An antibody composition which comprises an antibody
molecule having complex N-glycoside-linked sugar chains
bound to the Fc region which is produced by a CHO cell,
wherein among the total complex N-glycoside-linked sugar
chains bound to the Fc region in the composition, the ratio of
a sugar chain in which fucose is not bound to N-acetylglu-
cosamine in the reducing end in the sugar chain is 20% or
more.

(23) A cell in which the activity of an enzyme relating to the
synthesis of an intracellular sugar nucleotide, GDP-fucose
and/or the activity of an enzyme relating to the modification
of a sugar chain wherein 1-position of fucose is bound to
6-position of N-acetylglucosamine in the reducing end
through a-bond in the complex N-glycoside-linked sugar
chain is decreased or deleted by a genetic engineering tech-
nique.

(24) The cell according to (23), wherein the enzyme relating
to the synthesis of an intracellular sugar nucleotide, GDP-
fucose is an enzyme selected from the group consisting of the
following (a), (b) and (c):

(a) GMD (GDP-mannose 4,6-dehydratase);

(b) Fx (GDP-keto-6-deoxymannose 3,5-epimerase, 4-re-
ductase);

(c) GFPP (GDP-beta-L-fucose pyrophosphorylase).

(25) The cell according to (24), wherein the GMD is a protein
encoded by a DNA of the following (a) or (b):

(a) a DNA comprising the nucleotide sequence represented
by SEQ ID NO:65;

(b) a DNA which hybridizes with the DNA comprising the
nucleotide sequence represented by SEQ ID NO:65 under
stringent conditions and encodes a protein having GMD
activity.

(26) The cell according to (24), wherein the GMD is a protein
selected from the group consisting of the following (a), (b)
and (c):

(a) a protein comprising the amino acid sequence repre-
sented by SEQ ID NO:71;

(b) a protein which comprises an amino acid sequence in
which at least one amino acid is deleted, substituted, inserted
and/or added in the amino acid sequence represented by SEQ
ID NO:71 and has GMD activity;

(c) a protein which comprises an amino acid sequence
having a homology of at least 80% with the amino acid
sequence represented by SEQ ID NO:71 and has GMD activ-
ity.

(27) The cell according to (24), wherein the Fx is a protein
encoded by a DNA of the following (a) or (b):

(a) a DNA comprising the nucleotide sequence represented

by SEQ ID NO:48;
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(b) a DNA which hybridizes with the DNA comprising the
nucleotide sequence represented by SEQ ID NO:48 under
stringent conditions and encodes a protein having Fx activity.
(28) The cell according to (24), wherein the Fx is a protein
selected from the group consisting of the following (a), (b)
and (c):

(a) a protein comprising the amino acid sequence repre-
sented by SEQ 1D NO:72;

(b) a protein which comprises an amino acid sequence in
which at least one amino acid is deleted, substituted, inserted
and/or added in the amino acid sequence represented by SEQ
1D NO:72 and has Fx activity;

(c) a protein which comprises an amino acid sequence
having a homology of at least 80% with the amino acid
sequence represented by SEQ ID NO:72 and has Fx activity.
(29) The cell according to (24), wherein the GFPP is a protein
encoded by a DNA of the following (a) or (b):

(a) a DNA comprising the nucleotide sequence represented
by SEQ ID NO:51;

(b) a DNA which hybridizes with the DNA comprising the
nucleotide sequence represented by SEQ ID NO:51 under
stringent conditions and encodes a protein having GFPP
activity.

(30) The cell according to (24), wherein the GFPP is a protein
selected from the group consisting of the following (a), (b)
and (c):

(a) a protein comprising the amino acid sequence repre-
sented by SEQ 1D NO:73;

(b) a protein which comprises an amino acid sequence in
which at least one amino acid is deleted, substituted, inserted
and/or added in the amino acid sequence represented by SEQ
1D NO:73 and has GFPP activity;

(c) a protein which comprises an amino acid sequence
having a homology of at least 80% with the amino acid
sequence represented by SEQ ID NO:73 and has GFPP activ-
ity.

(31) The cell according to (23), wherein the enzyme relating
to the modification of a sugar chain in which 1-position of
fucose is bound to 6-position of N-acetylglucosamine in the
reducing end through a-bond in the N-glycoside-linked sugar
chain is a-1,6-fucosyltransferase.

(32) The cell according to (31), wherein the a-1,6-fucosyl-
transferase is a protein encoded by a DNA selected from the
group consisting of the following (a), (b), (¢) and (d):

(a) a DNA comprising the nucleotide sequence represented
by SEQ ID NO:1;

(b) a DNA comprising the nucleotide sequence represented
by SEQ ID NO:2;

(c) a DNA which hybridizes with the DNA comprising the
nucleotide sequence represented by SEQ ID NO:1 under
stringent conditions and encodes a protein having a-1,6-
fucosyltransferase activity;

(d) a DNA which hybridizes with the DNA comprising the
nucleotide sequence represented by SEQ ID NO:2 under
stringent conditions and encodes a protein having a-1,6-
fucosyltransferase activity.

(33) The cell according to (31), wherein the a-1,6-fucosyl-
transferase is a protein selected from the group consisting of
the following (a), (b), (¢), (d), (e) and (f):

(a) a protein comprising the amino acid sequence repre-
sented by SEQ 1D NO:23;

(b) a protein comprising the amino acid sequence repre-
sented by SEQ 1D NO:24;

(c) a protein which comprises an amino acid sequence in
which at least one amino acid is deleted, substituted, inserted
and/or added in the amino acid sequence represented by SEQ
1D NO:23 and has a-1,6-fucosyltransferase activity;
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(d) a protein which comprises an amino acid sequence in
which at least one amino acid is deleted, substituted, inserted
and/or added in the amino acid sequence represented by SEQ
ID NO:24 and has a-1,6-fucosyltransferase activity;

(e) a protein which comprises an amino acid sequence
having a homology of at least 80% with the amino acid
sequence represented by SEQ ID NO:23 and has a.-1,6-fuco-
syltransferase activity;

() a protein which comprises an amino acid sequence
having a homology of at least 80% with the amino acid
sequence represented by SEQ ID NO:24 and has a.-1,6-fuco-
syltransferase activity.

(34) The cell according to any one of (23) to (33), wherein the
genetic engineering technique is a technique selected from
the group consisting of the following (a), (b), (¢) and (d):

(a) a gene disruption technique targeting a gene encoding
the enzyme;

(b) atechnique for introducing a dominant negative mutant
of'a gene encoding the enzyme;

(c) a technique for introducing mutation into the enzyme;

(d) a technique for inhibiting transcription and/or transla-
tion of a gene encoding the enzyme.

(35) The cell according to any one of (23) to (34), which is
resistant to at least a lectin which recognizes a sugar chain in
which 1-position of fucose is bound to 6-position of N-acetyl-
glucosamine in the reducing end through a-bond in the
N-glycoside-linked sugar chain.

(36) The cell according to any one of (23) to (35), which is a
cell selected from the group consisting of the following (a) to
@:

(a) a CHO cell derived from a Chinese hamster ovary
tissue;

(b) a rat myeloma cell line, YB2/3HL.P2.G11.16Ag.20
cell;

(c) a mouse myeloma cell line, NSO cell;

(d) a mouse myeloma cell line, SP2/0-Ag14 cell;

(e) aBHK cell derived from a Syrian hamster kidney tissue;

(1) an antibody-producing hybridoma cell;

(g) a human leukemia cell line, Namalwa cell;

(h) an embryonic stem cell;

(1) a fertilized egg cell.

(37) The cell according to any one of (23) to (36) into which
a gene encoding an antibody molecule is introduced.

(38) The cell according to (37), wherein the antibody mol-
ecule belongs to an 1gG class.

(39) A method for producing an antibody composition, which
comprises culturing the cell according to (37) or (38) in a
medium to produce and accumulate the antibody composition
in the culture; and recovering the antibody composition from
the culture.

(40) The method according to (39), which produces an anti-
body composition having higher antibody-dependent cell-
mediated cytotoxic activity than an antibody composition
obtained from its parent cell line.

(41) An antibody composition which is produced using the
method according to (39) or (40).

(42) A transgenic non-human animal or plant or the progenies
thereof, comprising a genome which is modified such that the
activity of an enzyme relating to the synthesis of an intracel-
Iular sugar nucleotide, GDP-fucose and/or the activity of an
enzyme relating to the modification of a sugar chain in which
1-position of fucose is bound to 6-position of N-acetylglu-
cosamine in the reducing end through a-bond in the N-gly-
coside-linked sugar chain is decreased.

(43) The transgenic non-human animal or plant or the prog-
enies thereof according to (42), wherein a gene encoding the
enzyme relating to the synthesis of an intracellular sugar
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nucleotide, GDP-fucose or a gene encoding the enzyme relat-
ing to the modification of a sugar chain in which 1-position of
fucose is bound to 6-position of N-acetylglucosamine in the
reducing end through a-bond in the N-glycoside-linked sugar
chain is knocked out.

(44) The transgenic non-human animal or plant or the prog-
enies thereof according to (42) or (43), wherein the enzyme
relating to the synthesis of an intracellular sugar nucleotide,
GDP-fucose is an enzyme selected from the group consisting
of the following (a), (b) and (c):

(a) GMD (GDP-mannose 4,6-dehydratase);

(b) Fx (GDP-keto-6-deoxymannose 3,5-epimerase, 4-re-
ductase);

(c) GFPP (GDP-beta-L-fucose pyrophosphorylase).

(45) The transgenic non-human animal or plant or the prog-
enies thereof according to (44), wherein the GMD is a protein
encoded by a DNA of the following (a) or (b):

(a) a DNA comprising the nucleotide sequence represented
by SEQ ID NO:65;

(b) a DNA which hybridizes with the DNA comprising the
nucleotide sequence represented by SEQ ID NO:65 under
stringent conditions and encodes a protein having GMD
activity.

(46) The transgenic non-human animal or plant or the prog-
enies thereof according to (44), wherein the Fx is a protein
encoded by a DNA of the following (a) or (b):

(a) a DNA comprising the nucleotide sequence represented
by SEQ ID NO:48;

(b) a DNA which hybridizes with the DNA comprising the
nucleotide sequence represented by SEQ ID NO:48 under
stringent conditions and encodes a protein having Fx activity.
(47) The transgenic non-human animal or plant or the prog-
enies thereof according to (44), wherein the GFPP is a protein
encoded by a DNA of the following (a) or (b):

(a) a DNA comprising the nucleotide sequence represented
by SEQ ID NO:51;

(b) a DNA which hybridizes with the DNA comprising the
nucleotide sequence represented by SEQ ID NO:51 under
stringent conditions and encodes a protein having GFPP
activity.

(48) The transgenic non-human animal or plant or the prog-
enies thereof according to (42) or (43), wherein the enzyme
relating to the modification of a sugar chain in which 1-posi-
tion of fucose is bound to 6-position of N-acetylglucosamine
in the reducing end through c.-bond in the N-glycoside-linked
sugar chain is a-1,6-fucosyltransferase.

(49) The transgenic non-human animal or plant or the prog-
enies thereof according to (48), wherein the a-1,6-fucosyl-
transferase is a protein encoded by a DNA selected from the
group consisting of the following (a), (b), (¢) and (d):

(a) a DNA comprising the nucleotide sequence represented
by SEQ ID NO:1;

(b) a DNA comprising the nucleotide sequence represented
by SEQ ID NO:2;

(c) a DNA which hybridizes with the DNA comprising the
nucleotide sequence represented by SEQ ID NO:1 under
stringent conditions and encodes a protein having a-1,6-
fucosyltransferase activity;

(d) a DNA which hybridizes with the DNA comprising the

nucleotide sequence represented by SEQ ID NO:2 under
stringent conditions and encodes a protein having a-1,6-
fucosyltransferase activity.
(50) The transgenic non-human animal or plant or the prog-
enies thereof according to any one of (42) to (49), wherein the
transgenic non-human animal is an animal selected from the
group consisting of cattle, sheep, goat, pig, horse, mouse, rat,
fowl, monkey and rabbit.
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(51) A method for producing an antibody composition, which
comprises introducing a gene encoding an antibody molecule
into the transgenic non-human animal or plant or the prog-
enies thereof according to any one of (42) to (50); rearing the
animal or plant; isolating tissue or body fluid comprising the
introduced antibody from the reared animal or plant; and
recovering the antibody composition from the isolated tissue
or body fluid.

(52) The method according to (51), wherein the antibody
molecule belongs to an IgG class.

(53) The method according to (51) or (52), which produces an
antibody composition having higher antibody-dependent
cell-mediated cytotoxic activity than an antibody composi-
tion obtained from a non-human animal or plant or the prog-
enies thereof whose genome is not modified.

(54) An antibody composition which is produced using the
method according to any one of (51) to (53).

(55) A medicament comprising the antibody composition
according to any one of (21), (22), (41) and (54) as an active
ingredient.

(56) The medicament according to (55), wherein the medica-
ment is a diagnostic drug, a preventive drug or a therapeutic
drug for diseases accompanied by tumors, diseases accom-
panied by allergies, diseases accompanied by inflammations,
autoimmune diseases, circulatory organ diseases, diseases
accompanied by viral infections or diseases accompanied by
bacterial infections.

(57) A protein selected from the group consisting of the
following (a), (b), (¢), (d), (&), (), (2), (), (i) and (j)

(a) a protein comprising the amino acid sequence repre-
sented by SEQ ID NO:71;

(b) a protein which comprises an amino acid sequence in
which at least one amino acid is deleted, substituted, inserted
and/or added in the amino acid sequence represented by SEQ
ID NO:71 and has GMD activity;

(c) a protein comprising the amino acid sequence repre-
sented by SEQ 1D NO:72;

(d) a protein which comprises an amino acid sequence in
which at least one amino acid is deleted, substituted, inserted
and/or added in the amino acid sequence represented by SEQ
ID NO:72 and has Fx activity;

(e) a protein comprising the amino acid sequence repre-
sented by SEQ 1D NO:73;

(1) a protein which comprises an amino acid sequence in
which at least one amino acid is deleted, substituted, inserted
and/or added in the amino acid sequence represented by SEQ
ID NO:73 and has GFPP activity;

(g) a protein comprising the amino acid sequence repre-
sented by SEQ 1D NO:23;

(h) a protein which comprises an amino acid sequence in
which at least one amino acid is deleted, substituted, inserted
and/or added in the amino acid sequence represented by SEQ
ID NO:23 and has a-1,6-fucosyltransferase activity;

(1) a protein comprising the amino acid sequence repre-
sented by SEQ 1D NO:24;

(j) a protein which comprises an amino acid sequence in
which at least one amino acid is deleted, substituted, inserted
and/or added in the amino acid sequence represented by SEQ
1D NO:24 and the a-1,6-fucosyltransferase activity.

(58) A DNA which encodes the protein according to (57).
(59) A DNA selected from the group consisting of the follow-
ing (a), (b), (¢), (d) and (e):

(a) a DNA comprising the nucleotide sequence represented
by SEQ ID NO:1;

(b) aDNA comprising the nucleotide sequence represented
by SEQ ID NO:2;
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(c) a DNA comprising the nucleotide sequence represented
by SEQ ID NO:65;

(d) a DNA comprising the nucleotide sequence represented
by SEQ ID NO:48;

(e) a DNA comprising the nucleotide sequence represented
by SEQ ID NO:51.
(60) A genome DNA selected from the group consisting of the
following (a), (b) and (c):

(a) a genome DNA comprising the nucleotide sequence
represented by SEQ ID NO:3;

(b) a genome DNA comprising the nucleotide sequence
represented by SEQ ID NO:67;

(c) a genome DNA comprising the nucleotide sequence
represented by SEQ ID NO:70.
(61) A target vector for homologous recombination, compris-
ing a full length of the DNA according to any one of (58) to
(60), or a part thereof.

BRIEF EXPLANATION OF THE DRAWINGS

FIGS. 1A and 1B show electrophoresis patterns of SDS-
PAGE of five purified anti-GD3 chimeric antibodies (using
gradient gel from 4 to 15%). FIG. 1A and FIG. 1B show a
result of the electrophoresis under non-reducing conditions
and that under reducing conditions, respectively. Lanes 1 to 7
show electrophoresis patterns of high molecular weight
markers, YB2/0-GD3 chimeric antibody, CHO/DG44-GD3
chimeric antibody, SP2/0-GD3 chimeric antibody, NS0-GD3
chimeric antibody (302), NSO-GD3 chimeric antibody (GIT)
and low molecular weight markers, respectively.

FIG. 2 shows activities of five purified anti-GD3 chimeric
antibodies to bind to GD3, measured by changing the anti-
body concentration. The ordinate and the abscissa show the
binding activity with GD3 and the antibody concentration,
respectively. “O”, “@”,“[1”, “W” and “A” show the activities
of YB2/0-GD3 chimeric antibody, CHO/DG44-GD3 chi-
meric antibody, SP2/0-GD3 chimeric antibody, NSO0-GD3
chimeric antibody (302) and NS0-GD3 chimeric antibody
(GIT), respectively.

FIG. 3 shows ADCC activities of five purified anti-GD3
chimeric antibodies for a human melanoma cell line G-361.
The ordinate and abscissa show the cytotoxic activity and the
antibody concentration, respectively. “O”, “@”, “[7”, “W”
and “A” show the activities of YB2/0-GD3 chimeric antibody,
CHO/DG44-GD3 chimeric antibody, SP2/0-GD3 chimeric
antibody, NSO-GD3 chimeric antibody (302) and NS0-GD3
chimeric antibody (GIT), respectively.

FIGS. 4A and 4B show electrophoresis patterns of SDS-
PAGE of three purified anti-hIl.-5Ra. CDR-grafted antibod-
ies (using gradient gel from 4 to 15%). FIG. 4A and FIG. 4B
show results of the electrophoresis carried out under non-
reducing conditions and those under reducing conditions,
respectively. Lanes 1 to 5 show electrophoresis patterns of
high molecular weight markers, YB2/0-hIL.-5SR CDR anti-
body, CHO/d-hIL-5R CDR antibody, NSO-hIL-5R CDR anti-
body and low molecular weight markers, respectively.

FIG. 5 shows activities of three purified anti-hIL-5Ra
CDR-grafted antibodies to bind to hIL.-5Ra, measured by
changing the antibody concentration. The ordinate and the
abscissa show the binding activity with hIL-5Ra and the
antibody concentration, respectively. “O”, “@” and “[1”
show the activities of YB2/0-hIL-5R CDR antibody, CHO/d-
hIL-5R CDR antibody and NSO-hIL-5R CDR antibody,
respectively.

FIG. 6 show ADCC activities of three purified anti-hIL-
SRa CDR-grafted antibodies for an hIL-5R expressing
mouse T cell line CTLL-2(h5R). The ordinate and the abscis-
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sas show the cytotoxic activity and the antibody concentra-
tion, respectively. “O”, “@” and “[]” show the activities of
YB2/0-hIL-5RCDR antibody, CHO/d-hIL-5R CDR anti-
body and NSO-hIL-5R CDR antibody, respectively.

FIG. 7 shows inhibition activities of three purified anti-
hIL-5Ra. CDR-grafted antibodies in an hll.-5-induced eosi-
nophil increasing model of Macaca faseicularis. The ordinate
and the abscissa show the number of eosinophils in peripheral
blood and the number of days (the day of the commencement
of antibody and hIL.-5 administration was defined as 0 day).
“101 and 1027, <301, 302 and 3037, “401, 402 and 403" and
“501, 502 and 503 show results in the antibody non-admin-
istration group, the YB2/0-hIL-5R CDR antibody adminis-
tered group, the CHO/d-hIL-5R CDR antibody administered
group and the NSO-hIL-5R CDR antibody administered
group, respectively.

FIGS. 8A and 8B show elution patterns of reverse phase
HPLC elution of a PA-treated sugar chain (left side), and an
elution pattern obtained by treating the PA-treated sugar
chain with a-L-fucosidase and then analyzed by reverse
phase HPLC (right side), of the purified anti-hIL.-5Ra CDR-
grafted antibody produced by YB2/0 (FIG. 8A) and the puri-
fied anti-hIL-5Ra CDR-grafted antibody produced by NSO
(FIG. 8B). The ordinates and the abscissas show the relative
fluorescence intensity and the elution time, respectively.

FIG. 9 shows an elution pattern obtained by preparing a
PA-treated sugar chain from the purified anti-hIL.-5Ra CDR-
grafted antibody produced by CHO/d cell and analyzing it by
reverse phase HPLC. The ordinate and the abscissa show the
relative fluorescence intensity and the elution time, respec-
tively.

FIG. 10A shows the GD3-binding activities of a non-ad-
sorbed fraction and a part of an adsorbed fraction, measured
by changing the antibody concentration. The ordinate and the
abscissa show the binding activity with GD3 and the antibody
concentration, respectively. “@” and “O” show the non-ad-
sorbed fraction and a part of the adsorbed fraction, respec-
tively.

FIG. 10B shows the ADCC activities of the non-adsorbed
fraction and a part of the adsorbed fraction for a human
melanoma line G-361. The ordinate and the abscissa show the
cytotoxic activity and the antibody concentration, respec-
tively. “@®” and “O” show the non-adsorbed fraction and a
part of the adsorbed fraction, respectively.

FIGS. 11A and 11B show eclution patterns obtained by
analyzing PA-treated sugar chains prepared from a non-ad-
sorbed fraction and a part of an adsorbed fraction by a reverse
HPLC. FIG. 11A and FIG. 11B show an elution pattern of the
non-adsorbed fraction and an elution pattern of a part of the
adsorbed fraction, respectively. The ordinates and the abscis-
sas show the relative fluorescence strength and the elution
time, respectively.

FIGS. 12A, 12B, 12C, 12D, 12E and 12F show elution
patterns of PA-treated sugar chains prepared from 6 anti-GD3
chimeric antibodies (FIG. 12A to FIG. 12F), obtained by
analyzing them by reverse phase HPLC. The ordinates and
the abscissas show the relative fluorescence intensity and the
elution time, respectively.

FIG. 13 shows GD3-binding activities of 6 anti-GD3 chi-
meric antibodies having a different ratio of a-1,6-fucose-free
sugar chains measured by changing the antibody concentra-
tion. The ordinate and the abscissa show the binding activity
with GD3 and the antibody concentration, respectively. “@”,
“T17, “W”, “A”, “A” and “x” show the activities of anti-GD3
chimeric antibody (50%), anti-GD3 chimeric antibody
(45%), anti-GD3 chimeric antibody (29%), anti-GD3 chi-
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meric antibody (24%), anti-GD3 chimeric antibody (13%)
and anti-GD3 chimeric antibody (7%), respectively.

FIG. 14 shows ADCC activities of six kinds of anti-GD3
chimeric antibodies having a different ratio of a-1,6-fucose-
free sugar chains against a human melanoma cell line G-361,
using an effector cell of the donor A. The ordinate and the
abscissa show the cytotoxic activity and the antibody concen-
tration, respectively. “@”, “[7”, “W”, “A”, “A” and “x” show
the activities of anti-GD3 chimeric antibody (50%), anti-GD3
chimeric antibody (45%), anti-GD3 chimeric antibody
(29%), anti-GD3 chimeric antibody (24%), anti-GD3 chi-
meric antibody (13%) and anti-GD3 chimeric antibody (7%),
respectively.

FIG. 15 shows ADCC activities of six kinds of anti-GD3
chimeric antibodies having a different ratio of a-1,6-fucose-
free sugar chains against a human melanoma cell line G-361,
using an effector cell of the donor B. The ordinate and the
abscissa show the cytotoxic activity and the antibody concen-
tration, respectively. “@”, “[7”, “W”, “A”, “A” and “x” show
the activities of anti-GD3 chimeric antibody (50%), anti-GD3
chimeric antibody (45%), anti-GD3 chimeric antibody
(29%), anti-GD3 chimeric antibody (24%), anti-GD3 chi-
meric antibody (13%) and anti-GD3 chimeric antibody (7%),
respectively.

FIGS. 16A, 16B, 16C, 16D, 16E and 16F show elution
patterns of PA-treated sugar chains prepared from six kinds of
anti-CCR4 chimeric antibodies (FIG. 16A to FIG. 16F),
obtained by analyzing them by reverse phase HPLC. The
ordinates and the abscissas show the relative fluorescence
intensity and the elution time, respectively.

FIG. 17 shows CCR4-binding activities of six kinds of
anti-CCR4 chimeric antibodies having a different ratio of
a-1,6-fucose-free sugar chains measured by changing the
antibody concentration. The ordinate and the abscissa show
the binding activity with CCR4 and the antibody concentra-
tion, respectively. “W”, “[1”, “A”, “A”, “@®” and “O” show
the activities of anti-CCR4 chimeric antibody (46%), anti-
CCR4 chimeric antibody (39%), anti-CCR4 chimeric anti-
body (27%), anti-CCR4 chimeric antibody (18%), anti-
CCR4 chimeric antibody (9%) and anti-CCR4 chimeric
antibody (8%), respectively.

FIG. 18 shows ADCC activities of anti-CCR4 chimeric
antibodies having a different ratio of a.-1,6-fucose-free sugar
chains against CCR4/EL-4 cell, using an effector cell of the
donor A. The ordinate and the abscissa show the cytotoxic
activity and the antibody concentration, respectively. “Il”,
“007, “A”, “A”, “@” and “O” show the activities of anti-
CCR4 chimeric antibody (46%), anti-CCR4 chimeric anti-
body (39%), anti-CCR4 chimeric antibody (27%), anti-
CCR4 chimeric antibody (18%), anti-CCR4 chimeric
antibody (9%) and anti-CCR4 chimeric antibody (8%),
respectively.

FIG. 19 shows ADCC activities of anti-CCR4 chimeric
antibodies having a different ratio of a.-1,6-fucose-free sugar
chain against CCR4/EL-4 cell, using an effector cell of the
donor B. The ordinate and the abscissa show the cytotoxic
activity and the antibody concentration, respectively. “Il”,
“07, “A”, “[1°, “@” and “O” show the activities of anti-
CCR4 chimeric antibody (46%), anti-CCR4 chimeric anti-
body (39%), anti-CCR4 chimeric antibody (27%), anti-
CCR4 chimeric antibody (18%), anti-CCR4 chimeric
antibody (9%) and anti-CCR4 chimeric antibody (8%),
respectively.

FIG. 20 shows construction of plasmids CHFT8-pCR2.1
and YBFT8-pCR2.1.

FIG. 21 shows construction of plasmids CHAc-pBS and
YBAc-pBS.
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FIG. 22 shows construction of plasmids CHFT8d-pCR2.1
and YBFT8d-pCR2.1.

FIG. 23 shows construction of plasmids CHAcd-pBS and
YBAcd-pBS.

FIG. 24 shows results of determination of an FUT8 tran-
scription product in each host cell line using competitive
RT-PCR. Amounts of the FUTS transcription product in each
host cell line when rat FUT8 sequence was used as the stan-
dard and internal control are shown. “W” and “[J” show
results when CHO cell line and YB2/0 cell line, respectively,
were used as the host cell.

FIG. 25 shows construction of a plasmid mfFUT8-pCR2.1.

FIG. 26 shows construction of a plasmid pBSmfFUTS.

FIG. 27 shows construction of a plasmid pAGEm{FUTS.

FIG. 28 shows results of analysis of expression levels of
FUT8 gene by a cell line excessively expressing the gene
using a competitive RT-PCR. The ordinate shows relative
values of amounts of FUTS transcription to amounts of 3-ac-
tin transcription.

FIG. 29 shows ADCC activities of an anti-GD3 chimeric
antibody purified from a cell line excessively expressing
FUT8 gene against a human melanoma cell line G-361. The
ordinate and the abscissa show the cytotoxic activity and the
antibody concentration, respectively.

FIGS. 30A and 30B show elution patterns of PA-treated
sugar chains prepared from antibodies produced by
mfFUT8-6 and pAGE249-introduced cell lines, obtained by
analyzing them by reverse phase HPLC. FIG. 30A and FIG.
30B show elution patterns of PA-treated sugar chains pre-
pared from an antibody produced by mfFUT8-6-introduced
cell line and PA-treated sugar chains prepared from an anti-
body produced by pAGE249-introduced cell line, respec-
tively. The ordinate and the abscissa show the relative fluo-
rescence intensity and the elution time, respectively.

FIG. 31 shows an elution pattern of PA-treated sugar chains
prepared from Herceptin, obtained by analyzing them by
reverse phase HPLC. The ordinate and the abscissa show the
relative fluorescence intensity and the elution time, respec-
tively.

FIG. 32 shows construction of a plasmid CHfFUTS-
pCR2.1.

FIG. 33 shows construction of a plasmid ploxPPuro.

FIG. 34 shows construction of a plasmid pKOFUT8gE2-1.

FIG. 35 shows construction of a plasmid pKOFUT8gE2-2.

FIG. 36 shows construction of a plasmid pscFUT8gE2-3.

FIG. 37 shows construction of a plasmid pKOFUT8gE2-3.

FIG. 38 shows construction of a plasmid pKOFUT8gE2-4.

FIG. 39 shows construction of a plasmid pKOFUT8gE2-5.

FIG. 40 shows construction of a plasmid pKOFUTS8Puro.

FIG. 41 shows results of genome Southern analyses of
1st. AFUT8 2-46-1 and 1st. AFUTS 2-46 as a-1,6-fucosyl-
transferase gene-disrupted CHO cell lines.

FIG. 42 shows ADCC activities of an anti-CCR4 chimeric
antibody purified from an FUT8 allele gene-disrupted cell
line. The ordinate and the abscissa show the cytotoxic activity
and the antibody concentration. “A” and “I” show the activi-
ties of a purified antibody derived from an anti-CCR4 chi-
meric antibody-producing CHO cell 5-03 and a purified anti-
body derived from 1st. AFUTS 2-46-1, respectively.

FIG. 43 shows ADCC activities of anti-CCR4 human chi-
meric antibodies produced by lectin-resistant cell lines. The
ordinate and the abscissa show the cytotoxic activity and the
antibody concentration. “[7”, “I”, “4” and “A” show the
activities of antibodies produced by the strain 5-03, CHO/
CCR4-LCA, CHO/CCR4-AAL and CHO/CCR4-PHA,
respectively.
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FIG. 44 shows ADCC activities of anti-CCR4 human chi-
meric antibodies produced by lectin-resistant cell lines. The
ordinate and the abscissa show the cytotoxic activity and the
antibody concentration, respectively. “[]”, “A” and “@” show
activities of antibodies produced by YB2/0 (KM2760 #58-
35-16), 5-03 and CHO/CCR4-LCA, respectively.

FIGS. 45A, 45B, 45C and 45D show elution patterns of
PA-treated sugar chains prepared from purified anti-CCR4
human chimeric antibodies, obtained by analyzing them by
reverse phase HPLC. The ordinate and the abscissa show the
relative fluorescence intensity and the elution time, respec-
tively. FIG. 45A, FIG. 45B, FIG. 45C and FIG. 45D show
results of analyses of an antibody produced by the strain 5-03,
an antibody produced by CHO/CCR4-LCA, an antibody pro-
duced by CHO/CCR4-AAL and an antibody produced by
CHO/CCR4-PHA, respectively.

FIG. 46 shows the 1st step of construction of an expression
vector of CHO cell-derived GMD (6 steps in total).

FIG. 47 shows the 2nd step of construction of the expres-
sion vector of CHO cell-derived GMD (6 steps in total).

FIG. 48 shows the 3rd step of construction of the expres-
sion vector of CHO cell-derived GMD (6 steps in total).

FIG. 49 shows the 4th step of construction of the expres-
sion vector of CHO cell-derived GMD (6 steps in total).

FIG. 50 shows the 5th step of construction of the expres-
sion vector of CHO cell-derived GMD (6 steps in total).

FIG. 51 shows the 6th step of construction of the expres-
sion vector of CHO cell-derived GMD (6 steps in total).

FIG. 52 shows resistance of GMD-expressed CHO/CCR4-
LCA for LCA lectin. The measurement was carried out twice
by defining the survival rate of a group of cells cultured
without adding L.CA lectin as 100%. In the drawing, “249”
shows the survival rate of the CHO/CCR4-LCA introduced
with an expression vector pAGE249 for LCA lectin. GMD
shows resistance of the CHO/CCR4-LCA introduced with a
GMD expression vector pAGE249GMD for LCA lectin.

FIG. 53 shows ADCC activities of an anti-CCR4 chimeric
antibody produced by cells of GMD-expressed CHO/CCR4-
LCA cell lines. The ordinate and the abscissa show the cyto-
toxic activity and the antibody concentration, respectively.

FIG. 54 show a production step of a plasmid CHO-GMD in
which the 5'-terminal of a clone 34-2 is introduced into the
5'-terminal of a CHO cell-derived GMD cDNA clone 22-8.

FIG. 55 shows an elution pattern of PA-treated sugar chains
prepared from an anti-CCR4 human chimeric antibody puri-
fied from GMD gene-expressed CHO/CCR4-LCA, obtained
by analyzing them by reverse phase HPL.C. The ordinate and
the abscissa show the relative fluorescence intensity and the
elution time, respectively.

DETAILED DESCRIPTION OF THE INVENTION

The Chinese hamster ovary tissue-derived CHO cell into
which a gene encoding an antibody molecule is introduced
according to the present invention may be any CHO cell, so
long as it is a Chinese hamster ovary tissue-derived CHO cell
into which a gene encoding an antibody molecule is intro-
duced, which produces an antibody composition comprising
complex N-glycoside-linked sugar chains bound to the Fc
region of an antibody molecule, wherein among the total
complex N-glycoside-linked sugar chains bound to the Fc
region in the composition, the ratio of a sugar chain in which
fucose is not bound to N-acetylglucosamine in the reducing
end in the sugar chain is 20% or more.

In the present invention, the antibody molecule includes
any molecule, so long as it comprises the Fc region of an
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antibody. Examples include an antibody, an antibody frag-
ment, a fusion protein comprising an Fc region, and the like.

The antibody is a protein which is produced in the living
body by immune reaction as a result of exogenous antigen
stimulation and has an activity to specifically bind to the
antigen. Examples of the antibody include an antibody
secreted by ahybridoma cell prepared from a spleen cell of an
animal immunized with an antigen; an antibody prepared by
a genetic recombination technique, namely an antibody
obtained by introducing an antibody gene-inserted antibody
expression vector into a host cell; and the like. Specific
examples include an antibody produced by a hybridoma, a
humanized antibody, a human antibody and the like.

A hybridoma is a cell which is obtained by cell fusion
between a B cell obtained by immunizing a mammal other
than human with an antigen and a myeloma cell derived from
mouse or the like and can produce a monoclonal antibody
having the desired antigen specificity.

Examples of the humanized antibody include a human
chimeric antibody, a human CDR-grafted antibody and the
like.

A human chimeric antibody is an antibody which com-
prises an antibody heavy chain variable region (hereinafter
referred to as “HV” or “VH”, the heavy chain being “H
chain”) and an antibody light chain variable region (herein-
after referred to as “LV” or “VL”, the light chain being “L
chain”), both of an animal other than human, a human anti-
body heavy chain constant region (hereinafter also referred to
as “CH”) and a human antibody light chain constant region
(hereinafter also referred to as “CL”). As the animal other
than human, any animal such as mouse, rat, hamster, rabbit or
the like can be used, so long as a hybridoma can be prepared
therefrom.

The human chimeric antibody can be produced by obtain-
ing ¢cDNA’s encoding VH and VL from a monoclonal anti-
body-producing hybridoma, inserting them into an expres-
sion vector for host cell having genes encoding human
antibody CH and human antibody CL to thereby construct a
human chimeric antibody expression vector, and then intro-
ducing the vector into a host cell to express the antibody.

As the CH of human chimeric antibody, any CH can be
used, so long as it belongs to human immunoglobulin (here-
inafter referred to as “hlg”) can be used. But those belonging
to the hlgG class are preferable and any one of the subclasses
belonging to the hlgG class, such as higG1l, hlgG2, higG3
and hlgG4, can be used. Also, as the CL of human chimeric
antibody, any CL can be used, so long as it belongs to the hig
class, and those belonging to the k class or A class can also be
used.

A human CDR-grafted antibody is an antibody in which
amino acid sequences of CDR’s of VH and VL of an antibody
derived from an animal other than human are grafted into
appropriate positions of VH and VL of a human antibody.

The human CDR-grafted antibody can be produced by
constructing cDNA’s encoding V regions in which CDR’s of
VH and VL of an antibody derived from an animal other than
human are grafted into CDR’s of VH and VL of a human
antibody, inserting them into an expression vector for host
cell having genes encoding human antibody CH and human
antibody CL to thereby construct a human CDR-grafted anti-
body expression vector, and then introducing the expression
vector into a host cell to express the human CDR-grafted
antibody.

As the CH of human CDR-grafted antibody, any CH can be
used, so long as it belongs to the hlg, but those of the higG
class are preferable and any one of the subclasses belonging
to the hlgG class, such as hlgG1, higG2, hIgG3 and higG4,
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can be used. Also, as the CL. ot human CDR-grafted antibody,
any CL can be used, so long as it belongs to the hlg class, and
those belonging to the K class or A class can also be used.

A human antibody is originally an antibody naturally exist-
ing in the human body, but it also includes antibodies obtained
from a human antibody phage library, a human antibody-
producing transgenic animal and a human antibody-produc-
ing transgenic plant, which are prepared based on the recent
advance in genetic engineering, cell engineering and devel-
opmental engineering techniques.

Regarding the antibody existing in the human body, a lym-
phocyte capable of producing the antibody can be cultured by
isolating a human peripheral blood lymphocyte, immortaliz-
ing it by its infection with EB virus or the like and then
cloning it, and the antibody can be purified from the culture.

The human antibody phage library is a library in which
antibody fragments such as Fab, single chain antibody and the
like are expressed on the phage surface by inserting a gene
encoding an antibody prepared from a human B cell into a
phage gene. A phage expressing an antibody fragment having
the desired antigen binding activity can be recovered from the
library, using its activity to bind to an antigen-immobilized
substrate as the marker. The antibody fragment can be con-
verted further into a human antibody molecule comprising
two full H chains and two full L chains by genetic engineering
techniques.

A human antibody-producing transgenic non-human ani-
mal is an animal in which a human antibody gene is intro-
duced into cells. Specifically, a human antibody-producing
transgenic animal can be prepared by introducing a human
antibody gene into ES cell of a mouse, transplanting the ES
cell into an early stage embryo of other mouse and then
developing it. By introducing a human chimeric antibody
gene into a fertilized egg and developing it, the transgenic
animal can be also prepared. Regarding the preparation
method of a human antibody from the human antibody-pro-
ducing transgenic animal, the human antibody can be pro-
duced and accumulated in a culture by obtaining a human
antibody-producing hybridoma by a hybridoma preparation
method usually carried out in mammals other than human and
then culturing it.

Examples of the transgenic non-human animal include
cattle, sheep, goat, pig, horse, mouse, rat, fowl, monkey,
rabbit and the like.

Also, in the present invention, it is preferable that the
antibody is an antibody which recognizes a tumor-related
antigen, an antibody which recognizes an allergy- or inflam-
mation-related antigen, an antibody which recognizes circu-
latory organ disease-related antigen, an antibody which rec-
ognizes an autoimmune disease-related antigen or an
antibody which recognizes a viral or bacterial infection-re-
lated antigen, and a human antibody which belongs to the IgG
class is preferable.

An antibody fragment is a fragment which comprises the
Fc region of an antibody. Examples of the antibody fragment
include an H chain monomer, an H chain dimer and the like.

A fusion protein comprising an Fc region is a composition
in which an antibody comprising the Fc region of an antibody
or the antibody fragment is fused with a protein such as an
enzyme, a cytokine or the like.

In the present invention, examples of the sugar chain which
binds to the Fc region of an antibody molecule includes an
N-glycoside-linked sugar chain. Examples of the N-glyco-
side-linked sugar chain include a complex type in which the
non-reducing end side of the core structure has one or plural
parallel branches of galactose-N-acetylglucosamine (herein-
after referred to as “Gal-GIlcNAc”) and the non-reducing end
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side of Gal-GlcNAc has a structure such as sialic acid, bisect-
ing N-acetylglucosamine or the like.

In one antibody, the Fc region has positions to which an
N-glycoside-linked sugar chain is bound which will be
described later. Accordingly, two sugar chains are bound per
one antibody molecule. Since the N-glycoside-linked sugar
chain which binds to an antibody includes any sugar chain
having the core structure represented by the structural for-
mula (I), a number of combinations of sugar chains may
possible for the two N-glycoside-linked sugar chains which
bind to the antibody. Accordingly, identity of substances can
be judged from the viewpoint of the sugar structure bound to
the Fc region.

In the present invention, the composition which comprises
an antibody molecule having complex N-glycoside-linked
sugar chains in the Fc region (hereinafter referred to as “the
antibody composition of the present invention™) may com-
prise an antibody having the same sugar chain structure or an
antibody having different sugar chain structures, so long as
the effect of the present invention is obtained from the com-
position.

In the present invention, the ratio of a sugar chain in which
fucose is not bound to N-acetylglucosamine in the reducing
end in the sugar chain among the total complex N-glycoside-
linked sugar chains bound to the Fc region contained in the
antibody composition is a ratio of the number of a sugar chain
in which fucose is not bound to N-acetylglucosamine in the
reducing end in the sugar chain to the total number of the
complex N-glycoside-linked sugar chains bound to the Fc
region contained in the composition.

In the present invention, the sugar chain in which fucose is
not bound to N-acetylglucosamine in the reducing end in the
complex N-glycoside-linked sugar chain is a sugar chain in
which the fucose is not bound to N-acetylglucosamine in the
reducing end through a-bond in the complex N-glycoside-
linked sugar chain. Examples include a complex N-glyco-
side-linked sugar chain in which 1-position of fucose is not
bound to 6-position of N-acetylglucosamine through a-bond.

The antibody composition shows high ADCC activity
when the ratio of a sugar chain in which fucose is not bound
to N-acetylglucosamine in the reducing end in the sugar chain
among the total complex N-glycoside-linked sugar chains
binding to the Fc region contained in the antibody composi-
tion of the present invention is preferably 20% or more, more
preferably 25% or more, still more preferably 30% or more,
far preferably 40% or more, and most preferably 50% or
more. As the antibody concentration is decreased, the ADCC
activity is decreased, but high ADCC activity can be obtained
even when the antibody concentration is low, so long as the
ratio of a sugar chain in which fucose is not bound to
N-acetylglucosamine in the reducing end in the sugar chain is
20% or more.

The ratio of a sugar chain in which fucose is not bound to
N-acetylglucosamine in the reducing end in the sugar chain
contained in the composition which comprises an antibody
molecule having complex N-glycoside-linked sugar chains in
the Fc region can be determined by releasing the sugar chain
from the antibody molecule using a known method such as
hydrazinolysis, enzyme digestion or the like [Biochemical
Experimentation Methods 23—>Method for Studying Glyco-
protein Sugar Chain (Japan Scientific Societies Press), edited
by Reiko Takahashi (1989)], carrying out fluorescence label-
ing or radioisotope labeling of the released sugar chain and
then separating the labeled sugar chain by chromatography.
Also, the released sugar chain can also be determined by
analyzing it with the HPAED-PAD method [J. Lig. Chro-
matogr., 6, 1557 (1983)].
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In the present invention, the Chinese hamster ovary tissue-
derived CHO cell includes any cell which is a cell line estab-
lished from an ovary tissue of Chinese hamster (Cricetulus
griseus). Examples include CHO cells described in docu-
ments such as Journal of Experimental Medicine, 108, 945
(1958); Proc. Natl. Acad. Sci. USA, 60, 1275 (1968); Genet-
ics, 55,513 (1968); Chromosoma, 41,129 (1973); Methods in
Cell Science, 18, 115 (1996); Radiation Research, 148, 260
(1997); Proc. Natl. Acad. Sci. USA, 77, 4216 (1980); Proc.
Natl. Acad. Sci., 60, 1275 (1968); Cell, 6, 121 (1975),
Molecular Cell Genetics, Appendix I, 11 (pp. 883-900); and
the like. In addition, CHO-K1 (ATCC CCL-61), DUXBI11
(ATCC CCL-9096) and Pro-5 (ATCC CCL-1781) registered
in ATCC (The American Type Culture Collection) and a com-
mercially available CHO-S (Life Technologies, Cat #11619)
or sub-cell lines obtained by adapting the cell lines using
various media can also be exemplified.

In the present invention, the enzyme relating to the synthe-
sis of an intracellular sugar nucleotide, GDP-fucose may be
any enzyme, so long as it is an enzyme relating to the synthe-
sis of the intracellular sugar nucleotide, GDP-fucose as a
supply source of fucose to a sugar chain. The enzyme relating
to the synthesis of an intracellular sugar nucleotide, GDP-
fucose is an enzyme which has influence on the synthesis of
the intracellular sugar nucleotide, GDP-fucose.

The intracellular sugar nucleotide, GDP-fucose is supplied
by a de novo synthesis pathway or a salvage synthesis path-
way. Thus, all enzymes relating to the synthesis pathways are
included in the enzyme relating to the synthesis of an intrac-
ellular sugar nucleotide, GDP-fucose.

Examples of the enzyme relating to the de novo synthesis
pathway of the intracellular sugar nucleotide, GDP-fucose
include GDP-mannose 4,6-dehydratase (hereinafter referred
to as “GMD”), GDP-keto-6-deoxymannose 3,5-epimerase
4,6-reductase (hereinafter referred to as “Fx”) and the like.

Examples of the enzyme relating to the salvage synthesis
pathway of the intracellular sugar nucleotide, GDP-fucose
include GDP-beta-L-fucose pyrophosphorylase (hereinafter
referred to as “GFPP”), fucokinase and the like.

As the enzyme which has influence on the synthesis of an
intracellular sugar nucleotide, GDP-fucose, an enzyme which
has influence on the activity of the enzyme relating to the
synthesis of the intracellular sugar nucleotide, GDP-fucose
and an enzyme which has influence on the structure of sub-
stances as the substrate of the enzyme are also included.

In the present invention, examples of the GMD include:

a protein encoded by a DNA of the following (a) or (b):

(a) a DNA comprising the nucleotide sequence represented
by SEQ ID NO:65;

(b) a DNA which hybridizes with the DNA comprising the
nucleotide sequence represented by SEQ ID NO:65 under
stringent conditions and encodes a protein having GMD
activity,

(c) a protein comprising the amino acid sequence repre-
sented by SEQ ID NO:71,

(d) a protein which comprises an amino acid sequence in
which at least one amino acid is deleted, substituted, inserted
and/or added in the amino acid sequence represented by SEQ
1D NO:71 and has GMD activity,

(e) a protein which comprises an amino acid sequence
having a homology of at least 80% with the amino acid
sequence represented by SEQ ID NO:71 and has GMD activ-
ity, and the like.

Also, examples of the DNA encoding the amino acid
sequence of GMD include a DNA comprising the nucleotide
sequence represented by SEQ ID NO:65 and a DNA which
hybridizes with the DNA comprising the nucleotide sequence
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represented by SEQ ID NO:65 under stringent conditions and
encodes an amino acid sequence having GMD activity.

In the present invention, examples of the Fx include:

a protein encoded by a DNA of the following (a) or (b):

(a) a DNA comprising the nucleotide sequence represented
by SEQ ID NO:48;

(b) a DNA which hybridizes with the DNA comprising the
nucleotide sequence represented by SEQ ID NO:48 under
stringent conditions and encodes a protein having Fx activity,

(c) a protein comprising the amino acid sequence repre-
sented by SEQ ID NO:72,

(d) a protein which comprises an amino acid sequence in
which at least one amino acid is deleted, substituted, inserted
and/or added in the amino acid sequence represented by SEQ
ID NO:72 and has Fx activity,

(e) a protein which comprises an amino acid sequence
having a homology of at least 80% with the amino acid
sequence represented by SEQ ID NO:72 and has Fx activity,
and the like.

Also, examples of the DNA encoding the amino acid
sequence of Fx include a DNA comprising the nucleotide
sequence represented by SEQ ID NO:48 and a DNA which
hybridizes with the DNA comprising the nucleotide sequence
represented by SEQ ID NO:48 under stringent conditions and
encodes an amino acid sequence having Fx activity.

In the present invention, examples of the GFPP include:

a protein encoded by a DNA of the following (a) or (b):

(a) a DNA comprising the nucleotide sequence represented
by SEQ ID NO:51;

(b) a DNA which hybridizes with the DNA comprising the
nucleotide sequence represented by SEQ ID NO:51 under
stringent conditions and encodes a protein having GFPP
activity,

(c) a protein comprising the amino acid sequence repre-
sented by SEQ ID NO:73,

(d) a protein which comprises an amino acid sequence in
which at least one amino acid is deleted, substituted, inserted
and/or added in the amino acid sequence represented by SEQ
ID NO:73 and has GFPP activity,

(e) a protein which comprises an amino acid sequence
having a homology of at least 80% with the amino acid
sequence represented by SEQ ID NO:73 and has GFPP activ-
ity, and the like.

Also, examples of the DNA encoding the amino acid
sequence of GFPP include a DNA comprising the nucleotide
sequence represented by SEQ ID NO:51 and a DNA which
hybridizes with the DNA comprising the nucleotide sequence
represented by SEQ ID NO:51 under stringent conditions and
encodes an amino acid sequence having Fx activity.

In the present invention, the enzyme relating to the modi-
fication of a sugar chain in which 1-position of fucose is
bound to 6-position of N-acetylglucosamine in the reducing
end through a-bond in the complex N-glycoside-linked sugar
chain includes any enzyme, so long as it is an enzyme relating
to the reaction of binding of 1-position of fucose to 6-position
of N-acetylglucosamine in the reducing end through a-bond
in the complex N-glycoside-linked sugar chain.

Examples of the enzyme relating to the reaction of binding
of 1-position of fucose to 6-position of N-acetylglucosamine
in the reducing end through a-bond in the complex N-glyco-
side-linked sugar chain include a-1,6-fucosyltransferase,
a-L-fucosidase and the like.

Also, examples include an enzyme which has influence on
the activity the enzyme relating to the reaction of binding of
1-position of fucose to 6-position of N-acetylglucosamine in
the reducing end through a-bond in the complex N-glyco-
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side-linked sugar chain and an enzyme which has influence
on the structure of substances as the substrate of the enzyme.

In the present invention, examples of the a-1,6-fucosyl-
transferase include:

aprotein encoded by a DNA of the following (a), (b), (c) or
(d):
(a) a DNA comprising the nucleotide sequence represented
by SEQ ID NO:1;

(b) a DNA comprising the nucleotide sequence represented
by SEQ ID NO:2;

(c) a DNA which hybridizes with the DNA comprising the
nucleotide sequence represented by SEQ ID NO:1 under
stringent conditions and encodes a protein having a-1,6-
fucosyltransferase activity;

(d) a DNA which hybridizes with the DNA comprising the
nucleotide sequence represented by SEQ ID NO:2 under
stringent conditions and encodes a protein having a-1,6-
fucosyltransferase activity;

(e) a protein comprising the amino acid sequence repre-
sented by SEQ 1D NO:23,

(f) a protein comprising the amino acid sequence repre-
sented by SEQ 1D NO:24,

(g) a protein which comprises an amino acid sequence in
which at least one amino acid is deleted, substituted, inserted
and/or added in the amino acid sequence represented by SEQ
1D NO:23 and has a-1,6-fucosyltransferase activity,

(h) a protein which comprises an amino acid sequence in
which at least one amino acid is deleted, substituted, inserted
and/or added in the amino acid sequence represented by SEQ
1D NO:24 and has a-1,6-fucosyltransferase activity,

(1) a protein which comprises an amino acid sequence
having a homology of at least 80% with the amino acid
sequence represented by SEQ ID NO:23 and has a.-1,6-fuco-
syltransferase activity,

(j) a protein which comprises an amino acid sequence
having a homology of at least 80% with the amino acid
sequence represented by SEQ ID NO:24 and has a.-1,6-fuco-
syltransferase activity, and the like.

Also, examples of the DNA encoding the amino acid
sequence of a-1,6-fucosyltransferase include a DNA having
the nucleotide sequence represented by SEQ ID NO:1 or 2
and a DNA which hybridizes with the DNA having the nucle-
otide sequence represented by SEQ ID NO:1 or 2 under
stringent conditions and encodes an amino acid sequence
having a-1,6-fucosyltranstferase activity.

In the present invention, a DNA which hybridizes under
stringent conditions is a DNA obtained, e.g., by a method
such as colony hybridization, plaque hybridization or South-
ern blot hybridization using a DNA such as the DNA having
the nucleotide sequence represented by SEQ ID NO:1, 2, 48,
51 or 65 or a partial fragment thereof as the probe, and
specifically includes a DNA which can be identified by car-
rying out hybridization at 65° C. in the presence 0 0.7 to 1.0
M sodium chloride using a filter to which colony- or plaque-
derived DNA fragments are immobilized, and then washing
the filter at 65° C. using 0.1 to 2xSSC solution (composition
of the 1xSSC solution comprising 150 mM sodium chloride
and 15 mM sodium citrate). The hybridization can be carried
out in accordance with the methods described, e.g., in
Molecular Cloning, A Laboratory Manual, 2nd Ed., Cold
Spring Harbor Laboratory Press (1989) (hereinafter referred
to as “Molecular Cloning, Second Edition”), Current Proto-
cols in Molecular Biology, John Wiley & Sons, 1987-1997
(hereinafter referred to as “Current Protocols in Molecular
Biology™); DNA Cloning 1: Core Techniques, A Practical
Approach, Second Edition, Oxford University (1995); and the
like. Examples of the hybridizable DNA include a DNA hav-
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ing at least 60% or more, preferably 70% or more, more
preferably 80% or more, still more preferably 90% or more,
far more preferably 95% or more, and most preferably 98% or
more, of homology with the nucleotide sequence represented
by SEQ ID NO:1, 2, 48, 51 or 65.

In the present invention, the protein which comprises an
amino acid sequence in which at least one amino acid is
deleted, substituted, inserted and/or added in the amino acid
sequence represented by SEQ ID NO:23,24, 71,72 or 73 and
has o-1,6-fucosyltransferase activity, GMD activity, Fx
activity or GFPP activity can be obtained, e.g., by introducing
a site-directed mutation into a DNA encoding a protein hav-
ing the amino acid sequence represented by SEQ ID NO:1, 2,
65,48 or 51, respectively, using the site-directed mutagenesis
described, e.g., in Molecular Cloning, Second Edition; Cur-
rent Protocols in Molecular Biology, Nucleic Acids
Research, 10, 6487 (1982); Proc. Natl. Acad. Sci. USA, 79,
6409 (1982); Gene, 34, 315 (1985); Nucleic Acids Research,
13, 4431 (1985); Proc. Natl. Acad. Sci. US4, 82, 488 (1985);
and the like. The number of amino acids to be deleted, sub-
stituted, inserted and/or added is one or more, and the number
is not particularly limited, but is a number which can be
deleted, substituted or added by a known technique such as
the site-directed mutagenesis, e.g., it is 1 to several tens,
preferably 1 to 20, more preferably 1 to 10, and most prefer-
ably 1to 5.

Also, in order to maintain the a-1,6-fucosyltransferase
activity, GMD activity, Fx activity or GFPP activity of the
protein to be used in the present invention, it has at least 80%
or more, preferably 85% or more, more preferably 90% or
more, still more preferably 95% or more, far more preferably
97% or more, and most preferably 99% or more, ofhomology
with the amino acid sequence represented by SEQ 1D NO:23,
24,71,72 or 73, when calculated using an analyzing soft such
as BLAST [J. Mol. Biol., 215, 403 (1990)], FASTA [Methods
in Enzymology, 183, 63 (1990)] or the like.

Examples of the CHO cell of the present invention include
a cell in which the enzyme activity is decreased or deleted.

The cell in which the enzyme activity is decreased or
deleted include cells in which the activity of an enzyme
relating to the synthesis of an intracellular sugar nucleotide,
GDP-fucose or the activity of an enzyme relating to the modi-
fication of a sugar chain wherein 1-position of fucose is bound
to 6-position of N-acetylglucosamine in the reducing end
through a-bond in the complex N-glycoside-linked sugar
chain is decreased or deleted. As the method for obtaining
such cells, any technique can be used, so long as it can reduce
or delete the enzyme activity of interest. Examples of the
technique for reducing or deleting the enzyme activity
include:

(a) a gene disruption technique targeting a gene encoding
the enzyme,

(b) atechnique for introducing a dominant negative mutant
of'a gene encoding the enzyme,

(c) a technique for introducing mutation into the enzyme,

(d) a technique for inhibiting transcription and/or transla-
tion of a gene encoding the enzyme,

(e) a technique for selecting a cell line resistant to a lectin
which recognizes a sugar chain in which 1-position of fucose
is bound to 6-position of N-acetylglucosamine in the reduc-
ing end through a-bond in the complex N-glycoside-linked
sugar chain, and the like.

Herein, the lectin-resistant cell line can be obtained by
culturing a cell line in a medium comprising a predetermined
concentration of lectin and then by selecting a cell line which
acquires such a property that its survival rate is increased at
least 2 times, preferably 3 times, and more preferably 5 times
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or more, than the parent cell line with statistical significance.
Also, it can also be obtained by culturing a cell line in a
medium comprising lectin and then by selecting a cell line
which can be cultured at a certain survival rate, e.g., 80%
survival rate, at a lectin concentration of at least 2 times,
preferably 5 times, more preferably 10 times, and most pref-
erably 20 times or more, than the parent cell line.

As the lectin which recognizes a sugar chain structure in
which 1-position of fucose is bound to 6-position of N-acetyl-
glucosamine in the reducing end through a-bond in the
N-glycoside-linked sugar chain, any lectin which can recog-
nize the sugar chain structure can be used. Examples include
a Lens culinaris lectin LCA (lentil agglutinin derived from
Lens culinaris), a pea lectin PSA (pea lectin derived from
Pisum sativum), a broad bean lectin VFA (agglutinin derived
from Vicia faba), an Aleuria aurantia lectin AAL (lectin
derived from Aleuria aurantia) and the like.

The CHO cell of the present invention can produce an
antibody composition having higher ADCC activity than that
of an antibody composition produced by the parent CHO cell
before applying the technique for decreasing or deleting the
enzyme activity of interest.

Also, the CHO cell of the present invention can produce an
antibody composition having higher ADCC activity than that
of an antibody composition in which, among the total com-
plex N-glycoside-linked sugar chains bound to the Fc region
contained in the antibody composition, the ratio of a sugar
chain in which fucose is not bound to N-acetylglucosamine in
the reducing end in the sugar chain is less than 20%.

An example of the parent cell line to be used in the present
invention is a cell in which the activity of an enzyme relating
to the synthesis of an intracellular sugar nucleotide, GDP-
fucose or the activity of an enzyme relating to the modifica-
tion of a sugar chain wherein 1-position of fucose is bound to
6-position of N-acetylglucosamine in the reducing end
through a-bond in the complex N-glycoside-linked sugar
chain is not decreased. Specifically, a cell which is not treated
to decrease or delete the activity of an enzyme relating to the
synthesis of an intracellular sugar nucleotide, GDP-fucose or
the activity of an enzyme relating to the modification of a
sugar chain wherein 1-position of fucose is bound to 6-posi-
tion of N-acetylglucosamine in the reducing end through
a-bond in the complex N-glycoside-linked sugar chain is
used.

In the present invention, the ADCC activity is a cytotoxic
activity in which an antibody bound to a cell surface antigen
on a tumor cell in the living body activate an effector cell
through an Fc receptor existing on the antibody Fc region and
effector cell surface and thereby obstruct the tumor cell and
the like [Monoclonal Antibodies: Principles and Applica-
tions, Wiley-Liss, Inc., Chapter 2.1 (1955)]. Examples of the
effector cell include a killer cell, a natural killer cell, an
activated macrophage and the like.

The present invention also relates to a cell in which the
activity of an enzyme relating to the synthesis of an intracel-
Iular sugar nucleotide, GDP-fucose or the activity of an
enzyme relating to the modification of a sugar chain wherein
1-position of fucose is bound to 6-position of N-acetylglu-
cosamine in the reducing end through a.-bond in the complex
N-glycoside-linked sugar chain is decreased by a genetic
engineering technique (hereinafter referred to as “the host
cell of the present invention”). The host cell of the present
invention is useful as a host cell for producing an antibody
composition having high ADCC activity.

The host cell of the present invention may be any host, so
long as it can express an antibody molecule. Examples
include a yeast cell, an animal cell, an insect cell, a plant cell
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and the like. Examples of the cells include those which will be
later in the item 3. Among animal cells, preferred examples
include a CHO cell derived from a Chinese hamster ovary
tissue, a rat myeloma cell line YB2/3HL.P2.G11.16Ag.20
cell, a mouse myeloma cell line NSO cell, a mouse myeloma
SP2/0-Agl4 cell, a BHK cell derived from a syrian hamster
kidney tissue, an antibody producing-hybridoma cell, a
human leukemia cell line Namalwa cell, an embryonic stem
cell, a fertilized egg cell and the like.

The present invention is described below in detail.

1. Preparation of the Host Cell of the Present Invention

The host cell of the present invention can be prepared by
the following techniques.

(1) Gene Disruption Technique Targeting at a Gene Encoding
an Enzyme

The host cell of the present invention can be prepared using
agene disruption technique by targeting at an enzyme relating
to the synthesis of an intracellular sugar nucleotide, GDP-
fucose or an enzyme relating to the modification of a sugar
chain wherein 1-position of fucose is bound to 6-position of
N-acetylglucosamine in the reducing end through a-bond in
the complex N-glycoside-linked sugar chain. Examples of the
enzyme relating to the synthesis of an intracellular sugar
nucleotide, GDP-fucose include GMD, Fx, GFPP, fucokinase
and the like. Examples of the enzyme relating to the modifi-
cation of a sugar chain wherein 1-position of fucose is bound
to 6-position of N-acetylglucosamine in the reducing end
through a-bond in the complex N-glycoside-linked sugar
chain include a-1,6-fucosyltransferase, a-L-fucosidase and
the like.

The gene as used herein includes DNA and RNA.

The gene disruption method may be any method, so long as
it can disrupt the gene of the target enzyme is included.
Examples include an antisense method, a ribozyme method, a
homologous recombination method, an RDO method, an
RNAi method, a retrovirus-employed method, a transposon-
employed method and the like. The methods are specifically
described below.

(a) Preparation of the Host Cell of the Present Invention by the
Antisense Method or the Ribozyme Method

The host cell of the present invention can be prepared by
the ribozyme method described in Cell Technology, 12, 239
(1993); BIO/TECHNOLOGY, 17, 1097 (1999); Hum. Mol.
Genet., 5, 1083 (1995); Cell Technology, 13, 255 (1994);
Proc. Natl. Acad. Sci. US4, 96, 1886 (1999); or the like, e.g.,
in the following manner by targeting at an enzyme relating to
the synthesis of an intracellular sugar nucleotide, GDP-fu-
cose or an enzyme relating to the modification of a sugar
chain wherein 1-position of fucose is bound to 6-position of
N-acetylglucosamine in the reducing end through a-bond in
the complex N-glycoside-linked sugar chain.

A cDNA or agenome DNA encoding an enzyme relating to
the synthesis of an intracellular sugar nucleotide, GDP-fu-
cose or an enzyme relating to the modification of a sugar
chain wherein 1-position of fucose is bound to 6-position of
N-acetylglucosamine in the reducing end through a-bond in
the complex N-glycoside-linked sugar chain is prepared.

The nucleotide sequence of the prepared cDNA or genome
DNA is determined.

Based on the determined DNA sequence, an appropriate
length of an antisense gene or ribozyme construct comprising
a DNA moiety which encodes the enzyme relating to the
synthesis of an intracellular sugar nucleotide, GDP-fucose or
the enzyme relating to the modification of a sugar chain
wherein 1-position of fucose is bound to 6-position of
N-acetylglucosamine in the reducing end through a-bond in
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the complex N-glycoside-linked sugar chain a part of its
non-translation region or an intron, is designed.

In order to express the antisense gene or ribozyme in a cell,
a recombinant vector is prepared by inserting a fragment or
total length of the prepared DNA into downstream of the
promoter of an appropriate expression vector.

A transformant is obtained by introducing the recombinant
vector into a host cell suitable for the expression vector.

The host cell of the present invention can be obtained by
selecting a transformant using, as a marker, the activity of the
enzyme relating to the synthesis of an intracellular sugar
nucleotide, GDP-fucose or the enzyme relating to the modi-
fication of a sugar chain wherein 1-position of fucose is bound
to 6-position of N-acetylglucosamine in the reducing end
through a-bond in the complex N-glycoside-linked sugar
chain. The host cell of the present invention can also be
obtained by selecting a transformant as a measure of the sugar
chain structure of a glycoprotein on the cell membrane or the
sugar chain structure of the produced antibody molecule.

As the host cell used for the production of the host cell of
the present invention, any cell such as yeast, animal cell,
insect cell or plant cell can be used, so long as it has a gene
encoding the target enzyme relating to the synthesis of an
intracellular sugar nucleotide, GDP-fucose or the target
enzyme relating to the modification of a sugar chain wherein
1-position of fucose is bound to 6-position of N-acetylglu-
cosamine in the reducing end through a.-bond in the complex
N-glycoside-linked sugar chain. Examples include host cells
which will be described later in the item 3.

As the expression vector, a vector which is autonomously
replicable in the host cell or can be integrated into the chro-
mosome and comprises a promoter at such a position that the
designed antisense gene or ribozyme can be transferred is
used. Examples include expression vectors which will be
described later in the item 3.

Regarding the method for introducing a gene into various
host cells, the methods for introducing recombinant vectors
suitable for various host cells, which will be described later in
the item 3, can be used.

The following method can be exemplified as the method
for selecting a transformant as a measure of the activity of an
enzyme relating to the synthesis of an intracellular sugar
nucleotide, GDP-fucose or the activity of an enzyme relating
to the modification of a sugar chain wherein 1-position of
fucose is bound to 6-position of N-acetylglucosamine in the
reducing end through a-bond in the complex N-glycoside-
linked sugar chain.

Method for Selecting Transformant:

Examples of the method for selecting a cell in which the
activity of an enzyme relating to the synthesis of an intracel-
Iular sugar nucleotide, GDP-fucose or the activity of an
enzyme relating to the modification of a sugar chain wherein
1-position of fucose is bound to 6-position of N-acetylglu-
cosamine in the reducing end through a.-bond in the complex
N-glycoside-linked sugar chain is decreased include bio-
chemical methods or genetic engineering techniques
described in New Biochemical Experimentation Series 3-Sac-
charides I, Glycoprotein (Tokyo Kagaku Dojin), edited by
Japanese Biochemical society (1988); Cell Engineering,
Supplement, Experimental Protocol Series, Glycobiology
Experimental Protocol, Glycoprotein, Glycolipid and Pro-
teoglycan (Shujun-sha), edited by Naoyuki Taniguchi, Akemi
Suzuki, Kiyoshi Furukawa and Kazuyuki Sugawara (1996);
Molecular Cloning, Second Edition; Current Protocols in
Molecular Biology; and the like. Examples of the biochemi-
cal method include a method in which the enzyme activity is
evaluated using an enzyme-specific substrate and the like.
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Examples of the genetic engineering technique include the
Northern analysis, RT-PCR and the like which measures the
amount of mRNA of a gene encoding the enzyme.

Examples of the method for selecting a transformant using
the sugar chain structure of a glycoprotein on the cell mem-
brane as a marker include the methods which will be
described later in the item 1(5). Examples of the method for
selecting a transformant using the sugar chain structure of a
produced antibody molecule as a marker include the methods
which will be described later in the items 5 and 6.

As the method for preparing cDNA encoding an enzyme
relating to the synthesis of an intracellular sugar nucleotide,
GDP-fucose or an enzyme relating to the modification of a
sugar chain wherein 1-position of fucose is bound to 6-posi-
tion of N-acetylglucosamine in the reducing end through
a-bond in the complex N-glycoside-linked sugar chain, the
following method is exemplified.

Preparation of DNA:

A total RNA or mRNA is prepared from a human or non-
human animal tissue or cell.

A cDNA library is prepared from the prepared total RNA or
mRNA.

Degenerative primers are produced based on the amino
acid sequence of an enzyme relating to the synthesis of an
intracellular sugar nucleotide, GDP-fucose or an enzyme
relating to the modification of a sugar chain wherein 1-posi-
tion of fucose is bound to 6-position of N-acetylglucosamine
in the reducing end through a-bond in the complex N-glyco-
side-linked sugar chain, and a gene fragment encoding the
enzyme relating to the synthesis of an intracellular sugar
nucleotide, GDP-fucose or the enzyme relating to the modi-
fication of a sugar chain wherein 1-position of fucose is bound
to 6-position of N-acetylglucosamine in the reducing end
through a-bond in the complex N-glycoside-linked sugar
chain is obtained by PCR using the prepared cDNA library as
the template.

A DNA encoding the enzyme relating to the synthesis of an
intracellular sugar nucleotide, GDP-fucose or the enzyme
relating to the modification of a sugar chain wherein 1-posi-
tion of fucose is bound to 6-position of N-acetylglucosamine
in the reducing end through a-bond in the complex N-glyco-
side-linked sugar chain can be obtained by screening the
c¢DNA library using the obtained gene fragment as a probe.

Regarding the mRNA of a human or non-human tissue or
cell, acommercially available product (e.g., manufactured by
Clontech) may be used or it may be prepared from a human or
non-human animal tissue or cell in the following manner.
Examples of the method for preparing a total RNA from a
human or non-human animal tissue or cell include the guani-
dine thiocyanate-cesium trifluoroacetate method [Methods in
Enzymology, 154,3 (1987)], the acidic guanidine thiocyanate
phenol chloroform (AGPC) method [Analytical Biochemis-
try, 162,156 (1987); Experimental Medicine, 9,1937 (1991)]
and the like.

Also, examples of the method for preparing mRNA from a
total RNA as poly(A)* RNA include an oligo(dT)-immobi-
lized cellulose column method (Molecular Cloning, Second
Edition) and the like.

In addition, mRNA can be prepared using a kit such as Fast
Track mRNA Isolation Kit (manufactured by Invitrogen),
Quick Prep mRNA Purification Kit (manufactured by Phar-
macia) or the like.

A cDNA library is prepared from the prepared mRNA of a
human or non-human animal tissue or cell. Examples of the
method for preparing cDNA libraries include the methods
described in Molecular Cloning, Second Edition; Current
Protocols in Molecular Biology; A Laboratory Manual, Sec-
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ond Edition (1989); and the like, or methods using commer-
cially available kits such as SuperScript Plasmid System for
c¢DNA Synthesis and Plasmid Cloning (manufactured by Life
Technologies), ZAP-cDNA Synthesis Kit (manufactured by
STRATAGENE) and the like.

As the cloning vector for use in the preparation of the
c¢DNA library, any vector such as a phage vector, a plasmid
vector or the like can be used, so long as it is autonomously
replicable in Escherichia coli K12. Examples include ZAP
Express [manufactured by STRATAGENE, Strategies, 5, 58
(1992)], pBluescript II SK(+) [Nucleic Acids Research, 17,
9494 (1989)], Lambda ZAP II (manufactured by STRAT-
AGENE), Agtl0 and Agtll [DNA Cloning, A Practical
Approach, 1, 49 (1985)], ATriplEx (manufactured by Clon-
tech), AExCell (manufactured by Pharmacia), pcD2 /Mol.
Cell. Biol., 3,280 (1983)], pUC18 [Gene, 33,103 (1985)] and
the like.

Any microorganism can be used as the host microorgan-
ism, but Escherichia coli is preferably used. Examples
include Escherichia coli X1L1-Blue MRF' [manufactured by
STRATAGENE, Strategies, 5, 81 (1992)], Escherichia coli
C600 [Genetics, 39, 440 (1954)], Escherichia coli Y1088
[Science, 222,778 (1983)], Escherichia coli Y1090 [Science,
222, 778 (1983)], Escherichia coli NM522 [J. Mol. Biol.,
166, 1 (1983)], Escherichia coli K802 [J. Mol. Biol., 16,118
(1966)], Escherichia coli IM105 [Gene, 38, 275 (1985)] and
the like

The cDNA library may be used as such in the succeeding
analysis, and in order to obtain a full length cDNA as efficient
as possible by decreasing the ratio of an infull length cDNA,
a cDNA library prepared using the oligo cap method devel-
oped by Sugano etal. [Gene, 138, 171 (1994); Gene, 200, 149
(1997); Protein, Nucleic Acid and Protein, 41, 603 (1996);
Experimental Medicine, 11, 2491 (1993); ¢DNA Cloning
(Yodo-sha) (1996); Methods for Preparing Gene Libraries
(Yodo-sha) (1994)] may be used in the following analysis.

Degenerative primers specific for the 5'-terminal and 3'-ter-
minal nucleotide sequences of a nucleotide sequence pre-
sumed to encode the amino acid sequence are prepared based
on the amino acid sequence of the enzyme relating to the
synthesis of an intracellular sugar nucleotide, GDP-fucose or
the enzyme relating to the modification of a sugar chain
wherein 1-position of fucose is bound to 6-position of
N-acetylglucosamine in the reducing end through a-bond in
the complex N-glycoside-linked sugar chain, and DNA is
amplified by PCR [PCR Protocols, Academic Press (1990)]
using the prepared cDNA library as the template to obtain a
gene fragment encoding the enzyme relating to the synthesis
of an intracellular sugar nucleotide, GDP-fucose or the
enzyme relating to the modification of a sugar chain wherein
1-position of fucose is bound to 6-position of N-acetylglu-
cosamine in the reducing end through a.-bond in the complex
N-glycoside-linked sugar chain.

It can be confirmed that the obtained gene fragment is a
DNA encoding the enzyme relating to the synthesis of an
intracellular sugar nucleotide, GDP-fucose or the enzyme
relating to the modification of a sugar chain wherein 1-posi-
tion of fucose is bound to 6-position of N-acetylglucosamine
in the reducing end through a-bond in the complex N-glyco-
side-linked sugar chain, by a method usually used for analyz-
ing a nucleotide, such as the dideoxy method of Sanger et al.
[Proc. Natl. Acad. Sci. USA, 74, 5463 (1977)], a nucleotide
sequence analyzer such as ABIPRISM 377 DNA Sequencer
(manufactured by PE Biosystems) or the like.

A DNA encoding the enzyme relating to the synthesis of an
intracellular sugar nucleotide, GDP-fucose or the enzyme
relating to the modification of a sugar chain wherein 1-posi-
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tion of fucose is bound to 6-position of N-acetylglucosamine
in the reducing end through a-bond in the complex N-glyco-
side-linked sugar chain can be obtained by carrying out
colony hybridization or plaque hybridization (Molecular
Cloning, Second Edition) for the ¢cDNA or ¢cDNA library
synthesized from the mRNA contained in the human or non-
human animal tissue or cell, using the gene fragment as a
DNA probe.

Also, a DNA encoding the enzyme relating to the synthesis
of an intracellular sugar nucleotide, GDP-fucose or the
enzyme relating to the modification of a sugar chain wherein
1-position of fucose is bound to 6-position of N-acetylglu-
cosamine in the reducing end through a-bond in the complex
N-glycoside-linked sugar chain can also be obtained by car-
rying out screening by PCR using the cDNA or cDNA library
synthesized from the mRNA contained in a human or non-
human animal tissue or cell as the template and using the
primers used for obtaining the gene fragment encoding the
enzyme relating to the synthesis of an intracellular sugar
nucleotide, GDP-fucose or the enzyme relating to the modi-
fication of a sugar chain wherein 1-position of fucose is bound
to 6-position of N-acetylglucosamine in the reducing end
through a-bond in the complex N-glycoside-linked sugar
chain.

The nucleotide sequence of the obtained DNA encoding
the enzyme relating to the synthesis of an intracellular sugar
nucleotide, GDP-fucose or the enzyme relating to the modi-
fication of a sugar chain wherein 1-position of fucose is bound
to 6-position of N-acetylglucosamine in the reducing end
through a-bond in the complex N-glycoside-linked sugar
chain is analyzed from its terminus and determined by a
method usually used for analyzing a nucleotide, such as the
dideoxy method of Sanger et al. [ Proc. Natl. Acad. Sci. US4,
74, 5463 (1977)], a nucleotide sequence analyzer such as
ABIPRISM 377 DNA Sequencer (manufactured by PE Bio-
systems) or the like.

A gene encoding the enzyme relating to the synthesis of an
intracellular sugar nucleotide, GDP-fucose or the enzyme
relating to the modification of a sugar chain wherein 1-posi-
tion of fucose is bound to 6-position of N-acetylglucosamine
in the reducing end through a-bond in the complex N-glyco-
side-linked sugar chain can also be determined from genes in
data bases by searching nucleotide sequence data bases such
as GenBank, EMBL, DDBJ and the like using a homology
retrieving program such as BLAST based on the determined
c¢DNA nucleotide sequence.

Examples of the nucleotide sequence of the gene obtained
by the method encoding the enzyme relating to the synthesis
of an intracellular sugar nucleotide, GDP-fucose include the
nucleotide sequence represented by SEQ ID NO:48, 51 or 65.
Examples of the nucleotide sequence of the gene encoding
the enzyme relating to the modification of a sugar chain
wherein 1-position of fucose is bound to 6-position of
N-acetylglucosamine in the reducing end through a-bond in
the complex N-glycoside-linked sugar chain include the
nucleotide sequence represented by SEQ ID NO:1 or 2.

The ¢cDNA encoding the enzyme relating to the synthesis
of an intracellular sugar nucleotide, GDP-fucose or the
enzyme relating to the modification of a sugar chain wherein
1-position of fucose is bound to 6-position of N-acetylglu-
cosamine in the reducing end through a-bond in the complex
N-glycoside-linked sugar chain can also be obtained by
chemically synthesizing it with a DNA synthesizer such as
DNA Synthesizer model 392 manufactured by Perkin Elmer
or the like using the phosphoamidite method, based on the
determined DNA nucleotide sequence.
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As an example of the method for preparing a genome DNA
encoding the enzyme relating to the synthesis of an intracel-
Iular sugar nucleotide, GDP-fucose or the enzyme relating to
the modification of a sugar chain wherein 1-position of fucose
is bound to 6-position of N-acetylglucosamine in the reduc-
ing end through a-bond in the complex N-glycoside-linked
sugar chain, the method described below is exemplified.
Preparation of Genome DNA:

Examples of the method for preparing genome DNA
include known methods described in Molecular Cloning,
Second Edition; Current Protocols in Molecular Biology; and
the like. In addition, a genome DNA encoding the enzyme
relating to the synthesis of an intracellular sugar nucleotide,
GDP-fucose or the enzyme relating to the modification of a
sugar chain wherein 1-position of fucose is bound to 6-posi-
tion of N-acetylglucosamine in the reducing end through
a-bond in the complex N-glycoside-linked sugar chain can
also be isolated using a kit such as Genome DNA Library
Screening System (manufactured by Genome Systems), Uni-
versal GenomeWalker™ Kits (manufactured by CLON-
TECH) or the like.

Examples of the nucleotide sequence of the genome DNA
obtained by the method encoding the enzyme relating to the
synthesis of an intracellular sugar nucleotide, GDP-fucose
include the nucleotide sequence represented by SEQ ID
NO:67 or 70. Examples of the nucleotide sequence of the
genome DNA encoding the enzyme relating to the modifica-
tion of a sugar chain wherein 1-position of fucose is bound to
6-position of N-acetylglucosamine in the reducing end
through a-bond in the complex N-glycoside-linked sugar
chain include the nucleotide sequence represented by SEQ ID
NO:3.

In addition, the host cell of the present invention can also be
obtained without using an expression vector, by directly
introducing an antisense oligonucleotide or ribozyme into a
host cell, which is designed based on the nucleotide sequence
encoding the enzyme relating to the synthesis of an intracel-
Iular sugar nucleotide, GDP-fucose or the enzyme relating to
the modification of a sugar chain wherein 1-position of fucose
is bound to 6-position of N-acetylglucosamine in the reduc-
ing end through a-bond in the complex N-glycoside-linked
sugar chain.

The antisense oligonucleotide or ribozyme can be prepared
in the usual method or using a DNA synthesizer. Specifically,
it can be prepared based on the sequence information of an
oligonucleotide having a corresponding sequence of contin-
ued 5 to 150 bases, preferably 5 to 60 bases, and more pref-
erably 10to 40 bases, among nucleotide sequences of acDNA
and a genome DNA encoding the enzyme relating to the
synthesis of an intracellular sugar nucleotide, GDP-fucose or
the enzyme relating to the modification of a sugar chain
wherein 1-position of fucose is bound to 6-position of
N-acetylglucosamine in the reducing end through a-bond in
the complex N-glycoside-linked sugar chain, by synthesizing
an oligonucleotide which corresponds to a sequence comple-
mentary to the oligonucleotide (antisense oligonucleotide) or
a ribozyme comprising the oligonucleotide sequence.

Examples of the oligonucleotide include oligo RNA and
derivatives of the oligonucleotide (hereinafter referred to as
“oligonucleotide derivatives”).

Examples of the oligonucleotide derivatives include oligo-
nucleotide derivatives in which a phosphodiester bond in the
oligonucleotide is converted into a phosphorothioate bond, an
oligonucleotide derivative in which a phosphodiester bond in
the oligonucleotide is converted into an N3'-P5' phosphoami-
date bond, an oligonucleotide derivative in which ribose and
a phosphodiester bond in the oligonucleotide are converted
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into a peptide-nucleic acid bond, an oligonucleotide deriva-
tive in which uracil in the oligonucleotide is substituted with
C-5 propynyluracil, an oligonucleotide derivative in which
uracil in the oligonucleotide is substituted with C-5 thiazo-
leuracil, an oligonucleotide derivative in which cytosine in
the oligonucleotide is substituted with C-5 propynylcytosine,
an oligonucleotide derivative in which cytosine in the oligo-
nucleotide is substituted with phenoxazine-modified
cytosine, an oligonucleotide derivative in which ribose in the
oligonucleotide is substituted with 2'-O-propylribose and an
oligonucleotide derivative in which ribose in the oligonucle-
otide is substituted with 2'-methoxyethoxyribose [Cell Tech-
nology, 16, 1463 (1997)].

(b) Preparation of the Host Cell of the Present Invention by
Homologous Recombination

The host cell of the present invention can be produced by
modifying a target gene on chromosome through a homolo-
gous recommbiniation technique, using a gene encoding an
enzyme relating to the synthesis of an intracellular sugar
nucleotide, GDP-fucose or an enzyme relating to the modifi-
cation of a sugar chain wherein 1-position of fucose is bound
to 6-position of N-acetylglucosamine in the reducing end
through a-bond in the complex N-glycoside-linked sugar
chain as the target gene.

The target gene on the chromosome can be modified by
using a method described in Marnipulating the Mouse
Embryo, A Laboratory Manual, Second Edition, Cold Spring
Harbor Laboratory Press (1994) (hereinafter referred to as
“Manipulating the Mouse Embryo, A Laboratory Manual”);
Gene Targeting, A Practical Approach, IRL Press at Oxford
University Press (1993); Biomanual Series 8, Gene Target-
ing, Preparation of Mutant Mice using ES Cells, Yodo-sha
(1995) (hereinafter referred to as “Preparation of Mutant
Mice using ES Cells™); or the like, for example, as follows.

A genome DNA encoding an enzyme relating to the syn-
thesis of an intracellular sugar nucleotide, GDP-fucose or an
enzyme relating to the modification of a sugar chain wherein
1-position of fucose is bound to 6-position of N-acetylglu-
cosamine in the reducing end through a-bond in the complex
N-glycoside-linked sugar chain is prepared.

Based on the nucleotide sequence of the genome DNA, a
target vector is prepared for homologous recombination of a
target gene to be modified (e.g., structural gene of the enzyme
relating to the synthesis of an intracellular sugar nucleotide,
GDP-fucose or the enzyme relating to the modification of a
sugar chain wherein 1-position of fucose is bound to 6-posi-
tion of N-acetylglucosamine in the reducing end through
a-bond in the complex N-glycoside-linked sugar chain, or a
promoter gene).

The host cell of the present invention can be produced by
introducing the prepared target vector into a host cell and
selecting a cell in which homologous recombination occurred
between the target gene and target vector.

As the host cell, any cell such as yeast, animal cell, insect
cell or plant cell can be used, so long as it has a gene encoding
the enzyme relating to the synthesis of an intracellular sugar
nucleotide, GDP-fucose or the enzyme relating to the modi-
fication of a sugar chain wherein 1-position of fucose is bound
to 6-position of N-acetylglucosamine in the reducing end
through a-bond in the complex N-glycoside-linked sugar
chain. Examples include the host cells which will be
described later in the item 3.

Examples of the method for preparing a genome DNA
encoding the enzyme relating to the synthesis of an intracel-
Iular sugar nucleotide, GDP-fucose or the enzyme relating to
the modification of a sugar chain wherein 1-position of fucose
is bound to 6-position of N-acetylglucosamine in the reduc-
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ing end through a-bond in the complex N-glycoside-linked
sugar chain include the methods described in the preparation
of genome DNA in the item 1(1)(a) and the like.

Examples of the nucleotide sequence of genome DNA
encoding the enzyme relating to the synthesis of an intracel-
Iular sugar nucleotide, GDP-fucose include the nucleotide
sequence represented by SEQ ID NO:67 or 70. Examples of
the nucleotide sequence of genome DNA encoding the
enzyme relating to the modification of a sugar chain wherein
1-position of fucose is bound to 6-position of N-acetylglu-
cosamine in the reducing end through a.-bond in the complex
N-glycoside-linked sugar chain include the nucleotide
sequence represented by SEQ ID NO:3.

The target vector for use in the homologous recombination
of the target gene can be prepared in accordance with a
method described in Gene Targeting, A Practical Approach,
IRL Press at Oxford University Press (1993); Biomanual
Series 8, Gene largeting, Preparation of Mutant Mice using
ES Cells, Yodo-sha (1995); or the like. The target vector can
be used as either a replacement type or an insertion type.

For introducing the target vector into various host cells, the
methods for introducing recombinant vectors suited for vari-
ous host cells, which will be described later in the item 3, can
be used.

Examples of the method for efficiently selecting a homolo-
gous recombinant include a method such as the positive selec-
tion, promoter selection, negative selection or polyA selec-
tion described in Gene Targeting, A Practical Approach, IRL
Press at Oxford University Press (1993); Biomanual Series 8,
Gene largeting, Preparation of Mutant Mice using ES Cells,
Yodo-sha (1995); or the like. Examples of the method for
selecting the homologous recombinant of interest from the
selected cell lines include the Southern hybridization method
for genome DNA (Molecular Cloning, Second Edition), PCR
[PCR Protocols, Academic Press (1990)], and the like.

(c) Preparation of the Host Cell of the Present Invention by
RDO Method

The host cell of the present invention can be prepared by an
RDO (RNA-DNA oligonucleotide) method by targeting at a
gene encoding an enzyme relating to the synthesis of an
intracellular sugar nucleotide, GDP-fucose or an enzyme
relating to the modification of a sugar chain wherein 1-posi-
tion of fucose is bound to 6-position of N-acetylglucosamine
in the reducing end through a-bond in the complex N-glyco-
side-linked sugar chain, for example, as follows

A cDNA or a genome DNA encoding an enzyme relating to
the synthesis of an intracellular sugar nucleotide, GDP-fu-
cose or an enzyme relating to the modification of a sugar
chain wherein 1-position of fucose is bound to 6-position of
N-acetylglucosamine in the reducing end through a-bond in
the complex N-glycoside-linked sugar chain is prepared.

The nucleotide sequence of the prepared cDNA or genome
DNA is determined.

Based on the determined DNA sequence, an appropriate
length of an RDO construct comprising a DNA moiety which
encodes the enzyme relating to the synthesis of an intracel-
Iular sugar nucleotide, GDP-fucose or the enzyme relating to
the modification of a sugar chain wherein 1-position of fucose
is bound to 6-position of N-acetylglucosamine in the reduc-
ing end through a-bond in the complex N-glycoside-linked
sugar chain or a part of its non-translation region or an intron,
is designed and synthesized.

The host cell of the present invention can be obtained by
introducing the synthesized RDO into a host cell and then
selecting a transformant in which a mutation occurred in the
target enzyme, namely the enzyme relating to the synthesis of
an intracellular sugar nucleotide, GDP-fucose or the enzyme
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relating to the modification of a sugar chain wherein 1-posi-
tion of fucose is bound to 6-position of N-acetylglucosamine
in the reducing end through a-bond in the complex N-glyco-
side-linked sugar chain.

As the host cell, any cell such as yeast, animal cell, insect
cell or plant cell can be used, so long as it has a gene encoding
the target enzyme relating to the synthesis of an intracellular
sugar nucleotide, GDP-fucose or of the target enzyme relat-
ing to the modification of a sugar chain wherein 1-position of
fucose is bound to 6-position of N-acetylglucosamine in the
reducing end through a-bond in the complex N-glycoside-
linked sugar chain. Examples include the host cells which
will be described later in the item 3.

Examples of the method for introducing RDO into various
host cells include the methods for introducing recombinant
vectors suited for various host cells, which will be described
later in the item 3.

Examples of the method for preparing cDNA encoding the
enzyme relating to the synthesis of an intracellular sugar
nucleotide, GDP-fucose or the enzyme relating to the modi-
fication of a sugar chain wherein 1-position of fucose is bound
to 6-position of N-acetylglucosamine in the reducing end
through a-bond in the complex N-glycoside-linked sugar
chain include the methods described in the preparation of
DNA in the item 1(1)(a) and the like.

Examples of the method for preparing a genome DNA
encoding the enzyme relating to the synthesis of an intracel-
Iular sugar nucleotide, GDP-fucose or the enzyme relating to
the modification of a sugar chain wherein 1-position of fucose
is bound to 6-position of N-acetylglucosamine in the reduc-
ing end through a-bond in the complex N-glycoside-linked
sugar chain include the methods in preparation of genome
DNA described in the item 1(1)(a) and the like.

The nucleotide sequence of the DNA can be determined by
digesting it with appropriate restriction enzymes, cloning the
fragments into a plasmid such as pBluescript SK(-) (manu-
factured by Stratagene) or the like, subjecting the clones to the
reaction generally used as a method for analyzing a nucle-
otide sequence such as the dideoxy method [ Proc. Natl. Acad.
Sci. US4, 74, 5463 (1977)] of Sanger et al. or the like, and
then analyzing the clones using an automatic nucleotide
sequence analyzer such as A.L.F. DNA Sequencer (manufac-
tured by Pharmacia) or the like.

The RDO can be prepared by a usual method or using a
DNA synthesizer.

Examples of the method for selecting a cell in which a
mutation occurred, by introducing the ROD into the host cell,
in the gene encoding the enzyme relating to the synthesis of
an intracellular sugar nucleotide, GDP-fucose or the enzyme
relating to the modification of a sugar chain wherein 1-posi-
tion of fucose is bound to 6-position of N-acetylglucosamine
in the reducing end through a-bond in the complex N-glyco-
side-linked sugar chain include the methods for directly
detecting mutations in chromosomal genes described in
Molecular Cloning, Second Edition, Current Protocols in
Molecular Biology and the like;

the methods described in the item 1(1)(a) for selecting a
transformant through the evaluation of the activity of the
introduced enzyme relating to the synthesis of an intracellular
sugar nucleotide, GDP-fucose or the enzyme relating to the
modification of a sugar chain wherein 1-position of fucose is
bound to 6-position of N-acetylglucosamine in the reducing
end through a-bond in the complex N-glycoside-linked sugar
chain; the method for selecting a transformant using the sugar
structure of a glycoprotein on the cell membrane which will
be described later in the item 1(5); and the method for select-
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ing a transformant as a measure of the sugar structure of the
produced antibody molecule which will be described later in
the item 5 or 6, and the like.

The construct of the ROD can be designed in accordance
with the methods described in Science, 273, 1386 (1996);
Nature Medicine, 4, 285 (1998); Hepatology, 25, 1462
(1997); Gene Therapy, 5, 1960 (1999); J. Mol. Med., 75,829
(1997); Proc. Natl. Acad. Sci. USA, 96, 8774 (1999); Proc.
Natl. Acad. Sci. USA, 96, 8768 (1999); Nuc. Acids. Res., 27,
1323 (1999); Invest. Dematol., 111, 1172 (1998); Nature
Biotech., 16, 1343 (1998); Nature Biotech., 18, 43 (2000);
Nature Biotech., 18, 555 (2000); and the like.

(d) Preparation of the Host Cell of the Present Invention by
RNAi Method

The host cell of the present invention can be prepared by
the RNAi (RNA interference) method by targeting at a gene
of'an enzyme relating to the synthesis of an intracellular sugar
nucleotide, GDP-fucose or of an enzyme relating to the modi-
fication of a sugar chain wherein 1-position of fucose is bound
to 6-position of N-acetylglucosamine in the reducing end
through a-bond in the complex N-glycoside-linked sugar
chain, for example, as follows.

A cDNA encoding an enzyme relating to the synthesis of
an intracellular sugar nucleotide, GDP-fucose or an enzyme
relating to the modification of a sugar chain wherein 1-posi-
tion of fucose is bound to 6-position of N-acetylglucosamine
in the reducing end through a-bond in the complex N-glyco-
side-linked sugar chain is prepared.

The nucleotide sequence of the prepared cDNA is deter-
mined.

Based on the determined DNA sequence, an appropriate
length of an RNAIi gene construct comprising the DNA cod-
ing moiety encoding the enzyme relating to the synthesis of
an intracellular sugar nucleotide, GDP-fucose or the enzyme
relating to the modification of a sugar chain wherein 1-posi-
tion of fucose is bound to 6-position of N-acetylglucosamine
in the reducing end through a-bond in the complex N-glyco-
side-linked sugar chain or a part of its non-translation region,
is designed.

In order to express the RNAI gene in a cell, a recombinant
vector is prepared by inserting a fragment or full length of the
prepared DNA into downstream of the promoter of an appro-
priate expression vector.

A transformant is obtained by introducing the recombinant
vector into a host cell suitable for the expression vector.

The host cell of the present invention can be obtained by
selecting a transformant as a measure of the activity of the
enzyme relating to the synthesis of an intracellular sugar
nucleotide, GDP-fucose or the enzyme relating to the modi-
fication of a sugar chain wherein 1-position of fucose is bound
to 6-position of N-acetylglucosamine in the reducing end
through a-bond in the complex N-glycoside-linked sugar
chain, or the sugar chain structure of a glycoprotein on the cell
membrane or of the produced antibody molecule.

As the host cell, any cell such as yeast, animal cell, insect
cell or plant cell can be used, so long as it has a gene encoding
the target enzyme relating to the synthesis of an intracellular
sugar nucleotide, GDP-fucose or the target enzyme relating to
the modification of a sugar chain wherein 1-position of fucose
is bound to 6-position of N-acetylglucosamine in the reduc-
ing end through a-bond in the complex N-glycoside-linked
sugar chain. Examples include the host cells which will be
described later in the item 3.

As the expression vector, a vector which is autonomously
replicable in the host cell or can be integrated into the chro-
mosome and comprises a promoter at such a position that the
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designed RNAi gene can be transferred is used. Examples
include the expression vectors which will be described later in
the item 3.

As the method for introducing a gene into various host
cells, the methods for introducing recombinant vectors suit-
able for various host cells, which will be described later in the
item 3, can be used.

Examples of the method for selecting a transformant as a
measure of the activity of the enzyme relating to the synthesis
of an intracellular sugar nucleotide, GDP-fucose or the
enzyme relating to the modification of a sugar chain wherein
1-position of fucose is bound to 6-position of N-acetylglu-
cosamine in the reducing end through a-bond in the complex
N-glycoside-linked sugar chain include the methods
described in the item 1(1)(a).

Examples of the method for selecting a transformant as a
measure of the sugar chain structure of a glycoprotein on the
cell membrane include the methods which will be described
later in the item 1(5). Examples of the method for selecting a
transformant as a measure of the sugar chain structure of a
produced antibody molecule include the methods which will
be described later in the item 5 or 6.

Examples of the method for preparing cDNA encoding the
enzyme relating to the synthesis of an intracellular sugar
nucleotide, GDP-fucose or the enzyme relating to the modi-
fication of a sugar chain wherein 1-position of fucose is bound
to 6-position of N-acetylglucosamine in the reducing end
through a-bond in the complex N-glycoside-linked sugar
chain include the methods described in preparation of DNA in
the item 1(1)(a) and the like.

Inaddition, the host cell of the present invention can also be
obtained without using an expression vector, by directly
introducing an RNAi gene designed based on the nucleotide
sequence encoding the enzyme relating to the synthesis of an
intracellular sugar nucleotide, GDP-fucose or the enzyme
relating to the modification of a sugar chain wherein 1-posi-
tion of fucose is bound to 6-position of N-acetylglucosamine
in the reducing end through a-bond in the complex N-glyco-
side-linked sugar chain.

The RNAIi gene can be prepared in the usual method or
using a DNA synthesizer.

The RNAI gene construct can be designed in accordance
with the methods described in Nature, 391, 806 (1998); Proc.
Natl. Acad. Sci. US4, 95, 15502 (1998); Nature, 395, 854
(1998); Proc. Natl. Acad. Sci. US4, 96, 5049 (1999); Cell, 95,
1017 (1998); Proc. Natl. Acad. Sci. USA, 96, 1451 (1999);
Proc. Natl. Acad. Sci. USA, 95, 13959 (1998); Nature Cell
Biol., 2,70 (2000); and the like.

(e) Preparation of the Host Cell of the Present Invention by a
Method Using Transposon

The host cell of the present invention can be prepared by
inducing mutation using a transposon system described in
Nature Genet., 25,35 (2000) or the like, and then by selecting
amutant as a measure of the activity of the enzyme relating to
the synthesis of an intracellular sugar nucleotide, GDP-fu-
cose or the enzyme relating to the modification of a sugar
chain wherein 1-position of fucose is bound to 6-position of
N-acetylglucosamine in the reducing end through a-bond in
the complex N-glycoside-linked sugar chain, or the sugar
chain structure of a glycoprotein of a produced antibody
molecule or on the cell membrane.

The transposon system is a system in which a mutation is
induced by randomly inserting an exogenous gene into chro-
mosome, wherein an exogenous gene interposed between
transposons is generally used as a vector for inducing a muta-
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tion, and a transposase expression vector for randomly insert-
ing the gene into chromosome is introduced into the cell at the
same time.

Any transposase can be used, so long as itis suitable for the
sequence of the transposon to be used.

As the exogenous gene, any gene can be used, so long as it
can induce a mutation in the DNA of a host cell.

As the host cell, any cell such as yeast, animal cell, insect
cell or plant cell can be used, so long as it has a gene encoding
the target enzyme relating to the synthesis of an intracellular
sugar nucleotide, GDP-fucose or of the target enzyme relat-
ing to the modification of a sugar chain wherein 1-position of
fucose is bound to 6-position of N-acetylglucosamine in the
reducing end through a-bond in the complex N-glycoside-
linked sugar chain. Examples include the host cells which
will be described later in the item 3. For introducing the gene
into various host cells, the method for introducing recombi-
nant vectors suitable for various host cells, which will be
described later in the item 3, can be used.

Examples of the method for selecting a mutant as a mea-
sure of the activity of the enzyme relating to the synthesis of
an intracellular sugar nucleotide, GDP-fucose or the enzyme
relating to the modification of a sugar chain wherein 1-posi-
tion of fucose is bound to 6-position of N-acetylglucosamine
in the reducing end through a-bond in the complex N-glyco-
side-linked sugar chain include the methods described in the
item 1(1)(a).

Examples of the method for selecting a mutant as a mea-
sure of the sugar chain structure of a glycoprotein on the cell
membrane include the methods which will be described later
in the item 1(5). Examples of the method for selecting a
mutant as a measure of the sugar chain structure of a produced
antibody molecule include the methods which will be
described later in the item 5 or 6.

(2) Method for Introducing a Dominant Negative Mutant of a
Gene Encoding an Enzyme

The host cell of the present invention can be prepared by
targeting a gene encoding an enzyme relating to the synthesis
of an intracellular sugar nucleotide, GDP-fucose or an
enzyme relating to the modification of a sugar chain wherein
1-position of fucose is bound to 6-position of N-acetylglu-
cosamine in the reducing end through a.-bond in the complex
N-glycoside-linked sugar chain, using a technique for intro-
ducing a dominant negative mutant of the enzyme. Examples
of the enzyme relating to the synthesis of an intracellular
sugar nucleotide, GDP-fucose include GMD, Fx, GFPP,
fucokinase and the like. Examples of the enzyme relating to
the modification of a sugar chain wherein 1-position of fucose
is bound to 6-position of N-acetylglucosamine in the reduc-
ing end through a-bond in the complex N-glycoside-linked
sugar chain include a-1,6-fucosyltransferase, a-L-fucosi-
dase and the like.

The enzymes catalyze specific reactions having substrate
specificity, and dominant negative mutants of the enzymes
can be prepared by disrupting the active center of the enzymes
which catalyze the catalytic activity having substrate speci-
ficity. The method for preparing a dominant negative mutant
is specifically described as follows with reference to GMD
among the target enzymes.

As a result of the analysis of the three-dimensional struc-
ture of . coli-derived GMD, it has been revealed that 4 amino
acids (threonine at position 133, glutamic acid at position
135, tyrosine at position 157 and lysine at position 161) have
an important function on the enzyme activity (Structure, 8, 2,
2000). That is, when mutants were prepared by substituting
the 4 amino acids with other different amino acids based on
the three-dimensional structure information, the enzyme
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activity of all of the mutants was significantly decreased. On
the other hand, changes in the ability of GMD to bind to GMD
coenzyme NADP and its substrate GDP-mannose were
hardly observed in the mutants. Accordingly, a dominant
negative mutant can be prepared by substituting the 4 amino
acids which control the enzyme activity of GMD. For
example, in GMD (SEQ ID NO:65) derived from CHO cell,
a dominant negative mutant can be prepared by substituting
threonine position 155, glutamic acid at position 157,
tyrosine at position 179 and lysine at position 183 with other
amino acids, by comparing the homology and predicting the
three-dimensional structure using the amino acid sequence
information based on the results of the £. coli-derived GMD.
Such a gene into which amino acid substitution is introduced
can be prepared by the site-directed mutagenesis described in
Molecular Cloning, Second Edition, Current Protocols in
Molecular Biology or the like.

The host cell of the present invention can be prepared in
accordance with the method described in Molecular Cloning,
Second Edition, Current Protocols in Molecular Biology or
the like, using the prepared dominant negative mutant gene of
the target enzyme, for example, as follows.

A gene encoding a dominant negative mutant (hereinafter
referred to as “dominant negative mutant gene”) of the
enzyme relating to the synthesis of an intracellular sugar
nucleotide, GDP-fucose or the enzyme relating to the modi-
fication of a sugar chain wherein 1-position of fucose is bound
to 6-position of N-acetylglucosamine in the reducing end
through a-bond in the complex N-glycoside-linked sugar
chain is prepared.

Based on the prepared full length DNA of dominant nega-
tive mutant gene, a DNA fragment of an appropriate length
containing a moiety encoding the protein is prepared, if nec-
essary.

A recombinant vector is produced by inserting the DNA
fragment or full length DNA into downstream of the promoter
of an appropriate expression vector.

A transformant is obtained by introducing the recombinant
vector into a host cell suitable for the expression vector.

The host cell of the present invention can be prepared by
selecting a transformant as a measure of the activity of the
enzyme relating to the synthesis of an intracellular sugar
nucleotide, GDP-fucose or the activity of the enzyme relating
to the modification of a sugar chain wherein 1-position of
fucose is bound to 6-position of N-acetylglucosamine in the
reducing end through a-bond in the complex N-glycoside-
linked sugar chain, or the sugar chain structure of a glycopro-
tein of a produced antibody molecule or on the cell mem-
brane.

As the host cell, any cell such as yeast, animal cell, insect
cell or plant cell can be used, so long as it has a gene encoding
the target enzyme relating to the synthesis of an intracellular
sugar nucleotide, GDP-fucose or of the target enzyme relat-
ing to the modification of a sugar chain wherein 1-position of
fucose is bound to 6-position of N-acetylglucosamine in the
reducing end through a-bond in the complex N-glycoside-
linked sugar chain. Examples include the host cells which
will be described later in the item 3.

As the expression vector, a vector which is autonomously
replicable in the host cell or can be integrated into the chro-
mosome and comprises a promoter at a position where tran-
scription of the DNA encoding the dominant negative mutant
of interest can be effected is used. Examples include the
expression vectors which will be described later in the item 3.

For introducing the gene into various host cells, the method
for introducing recombinant vectors suitable for various host
cells, which will be described later in the item 3, can be used.
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Examples of the method for selecting a transformant as a
measure of the activity of the enzyme relating to the synthesis
of an intracellular sugar nucleotide, GDP-fucose or the
enzyme relating to the modification of a sugar chain wherein
1-position of fucose is bound to 6-position of N-acetylglu-
cosamine in the reducing end through a.-bond in the complex
N-glycoside-linked sugar chain include the methods
described in the item 1(1)(a).

Examples of the method for selecting a transformant as a
measure of the sugar chain structure of a glycoprotein on the
cell membrane include the methods which will be described
later in the item 1(5). Examples of the method for selecting a
transformant as a measure of the sugar chain structure of a
produced antibody molecule include the methods which will
be described later in the item 5 or 6.

(3) Method for Introducing a Mutation into an Enzyme

The host cell of the present invention can be prepared by
introducing a mutation into a gene encoding an enzyme relat-
ing to the synthesis of an intracellular sugar nucleotide, GDP-
fucose or an enzyme relating to the modification of a sugar
chain wherein 1-position of fucose is bound to 6-position of
N-acetylglucosamine in the reducing end through a-bond in
the complex N-glycoside-linked sugar chain, and then by
selecting a cell line of interest in which the mutation occurred
in the enzyme.

Examples of the enzyme relating to the synthesis of an
intracellular sugar nucleotide, GDP-fucose include GMD,
Fx, GFPP, fucokinase and the like. Examples of the enzyme
relating to the modification of a sugar chain wherein 1-posi-
tion of fucose is bound to 6-position of N-acetylglucosamine
in the reducing end through a-bond in the complex N-glyco-
side-linked sugar chain include a-1,6-fucosyltransferase,
a-L-fucosidase and the like.

Examples of the method include 1) a method in which a
desired cell line is selected from mutants obtained by a muta-
tion-inducing treatment of a parent cell line with a mutagen or
spontaneously generated mutants, as a measure of the activity
of'an enzyme relating to the synthesis of an intracellular sugar
nucleotide, GDP-fucose or the activity of an enzyme relating
to the modification of a sugar chain wherein 1-position of
fucose is bound to 6-position of N-acetylglucosamine in the
reducing end through a-bond in the complex N-glycoside-
linked sugar chain, 2) a method in which a desired cell line is
selected from mutants obtained by a mutation-inducing treat-
ment of a parent cell line with a mutagen or spontaneously
generated mutants, as a measure of the sugar chain structure
of'a produced antibody molecule and 3) a method in which a
desired cell line is selected from mutants obtained by a muta-
tion-inducing treatment of a parent cell line with a mutagen or
spontaneously generated mutants, as a measure of the sugar
chain structure of a glycoprotein on the cell membrane.

As the mutation-inducing treatment, any treatment can be
used, so long as it can induce a point mutation or a deletion or
frame shift mutation in the DNA of cells of the parent cell
line.

Examples include treatment with ethyl nitrosourea,
nitrosoguanidine, benzopyrene or an acridine pigment and
treatment with radiation. Also, various alkylating agents and
carcinogens can be used as mutagens. Examples of the
method for allowing a mutagen to act upon cells include the
methods described in Tissue Culture Techniques, 3rd edition
(Asakura Shoten), edited by Japanese Tissue Culture Asso-
ciation (1996), Nature Genet., 24,314 (2000) and the like.

Examples of the spontaneously generated mutant include
mutants which are spontaneously formed by continuing sub-
culture under general cell culture conditions without applying
special mutation-inducing treatment.
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Examples of the method for measuring the activity of the
enzyme relating to the synthesis of an intracellular sugar
nucleotide, GDP-fucose or the activity of the enzyme relating
to the modification of a sugar chain wherein 1-position of
fucose is bound to 6-position of N-acetylglucosamine in the
reducing end through a-bond in the complex N-glycoside-
linked sugar chain include the methods described in the item
1(1)(a). Examples of the method for discriminating the sugar
chain structure of a prepared antibody molecule include the
methods which will be described later in the item 5 or 6.
Examples of the method for discriminating the sugar chain
structure of a glycoprotein on the cell membrane include the
methods which will be described later in the item 1(5).

(4) Method for Inhibiting Transcription and/or Translation of
a Gene Encoding an Enzyme

The host cell of the present invention can be prepared by
inhibiting transcription and/or translation of a target gene
through a method such as the antisense RNA/DNA technique
[Bioscience and Industry, 50,322 (1992); Chemistry, 46, 681
(1991); Biotechnology, 9, 358 (1992); Trends in Biotechnol-
ogy, 10, 87 (1992); Trends in Biotechnology, 10, 152 (1992);
Cell Engineering, 16,1463 (1997)], the triple helix technique
[Trends in Biotechnology, 10, 132 (1992)] or the like, using a
gene encoding an enzyme relating to the synthesis of an
intracellular sugar nucleotide, GDP-fucose and/or an enzyme
relating to the modification of a sugar chain wherein 1-posi-
tion of fucose is bound to 6-position of N-acetylglucosamine
in the reducing end through a-bond in the complex N-glyco-
side-linked sugar chain, as the target.

Examples of the enzyme relating to the synthesis of an

intracellular sugar nucleotide, GDP-fucose include GMD,
Fx, GFPP, fucokinase and the like. Examples of the enzyme
relating to the modification of a sugar chain wherein 1-posi-
tion of fucose is bound to 6-position of N-acetylglucosamine
in the reducing end through a-bond in the complex N-glyco-
side-linked sugar chain include a-1,6-fucosyltransferase,
a-L-fucosidase and the like.
(5) Method for Selecting a Cell Line Resistant to a Lectin
which Recognizes a Sugar Chain Structure in which 1-Posi-
tion of Fucose is Bound to 6-Position of N-Acetylglu-
cosamine in the Reducing End Through a-Bond in the
N-Glycoside-Linked Sugar Chain

The host cell of the present invention can be prepared by
using a method for selecting a cell line resistant to a lectin
which recognizes a sugar chain structure in which 1-position
of fucose is bound to 6-position of N-acetylglucosamine in
the reducing end through a-bond in the N-glycoside-linked
sugar chain.

Examples of the method for selecting a cell line resistant to
a lectin which recognizes a sugar chain structure in which
1-position of fucose is bound to 6-position of N-acetylglu-
cosamine in the reducing end through a-bond in the N-gly-
coside-linked sugar chain include the methods using lectin
described in Somatic Cell Mol. Genet., 12, 51 (1986) and the
like. As the lectin, any lectin can be used, so long as it is a
lectin which recognizes a sugar chain structure in which
1-position of fucose is bound to 6-position of N-acetylglu-
cosamine in the reducing end through a-bond in the N-gly-
coside-linked sugar chain. Examples include a Lens culinaris
lectin LCA (lentil agglutinin derived from Lens culinaris), a
pea lectin PSA (pea lectin derived from Pisum sativum), a
broad bean lectin VFA (agglutinin derived from Vicia faba),
an Aleuria aurantia lectin AAL (lectin derived from Aleuria
aurantia) and the like.

Specifically, the cell line of the present invention resistant
to a lectin which recognizes a sugar chain structure in which
1-position of fucose is bound to 6-position of N-acetylglu-
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cosamine in the reducing end through a-bond in the N-gly-
coside-linked sugar chain can be selected by culturing cells
for 1 day to 2 weeks, preferably from 1 day to 1 week, using
a medium comprising the lectin at a concentration of 1 ug/ml
to 1 mg/ml, subculturing surviving cells or picking up a
colony and transferring it into a culture vessel, and subse-
quently continuing the culturing using the lectin-containing
medium. Examples of the cell line obtained by the method
include CHO/CCR4-LCA Nega-13 (FERM BP-7756)
obtained in Example 14(2) which will be described later.

2. Preparation of a Transgenic Non-Human Animal or Plant
or the Progenies Thereof of the Present Invention

The transgenic non-human animal or plant or the progenies
thereof of the present invention is a transgenic non-human
animal or plant or the progenies thereof in which a genome
gene is modified in such a manner that the activity of an
enzyme relating to the modification of a sugar chain of an
antibody molecule can be controlled, and it can be prepared
according to the method similar to that in the item 1, using a
gene encoding an enzyme relating to the synthesis of an
intracellular sugar nucleotide, GDP-fucose or an enzyme
relating to the modification of a sugar chain wherein 1-posi-
tion of fucose is bound to 6-position of N-acetylglucosamine
in the reducing end through a-bond in the complex N-glyco-
side-linked sugar chain, as the target.

In atransgenic non-human animal, the embryonic stem cell
of the present invention in which the activity of the enzyme
relating to the synthesis of an intracellular sugar nucleotide,
GDP-fucose or the activity of the enzyme relating to the
modification of a sugar chain wherein 1-position of fucose is
bound to 6-position of N-acetylglucosamine in the reducing
end through a-bond in the complex N-glycoside-linked sugar
chain is controlled can be prepared applying the method
similar to that in the item 1 to an embryonic stem cell of the
intended non-human animal such as cattle, sheep, goat, pig,
horse, mouse, rat, fowl, monkey, rabbit or the like.

Specifically, a mutant clone is prepared in which a gene
encoding the enzyme relating to the synthesis of an intracel-
Iular sugar nucleotide, GDP-fucose or the enzyme relating to
the modification of a sugar chain wherein 1-position of fucose
is bound to 6-position of N-acetylglucosamine in the reduc-
ing end through a-bond in the complex N-glycoside-linked
sugar chain is inactivated or substituted with any sequence, by
aknown homologous recombination technique [e.g., Nature,
326, 6110, 295 (1987); Cell, 51, 3, 503 (1987); or the like].
Using the prepared mutant clone, a chimeric individual com-
prising an embryonic stem cell clone and a normal cell can be
prepared by an injection chimera method into blastocyst of
fertilized egg of an animal or by an aggregation chimera
method. The chimeric individual is crossed with a normal
individual, so that a transgenic non-human animal in which
the activity of the enzyme relating to the synthesis of an
intracellular sugar nucleotide, GDP-fucose or the activity of
the enzyme relating to the modification of a sugar chain
wherein 1-position of fucose is bound to 6-position of
N-acetylglucosamine in the reducing end through a-bond in
the complex N-glycoside-linked sugar chain is decreased or
deleted in the whole body cells can be obtained.

Also, a fertilized egg cell of the present invention in which
the activity of an enzyme relating to the synthesis of an
intracellular sugar nucleotide, GDP-fucose or the activity of
an enzyme relating to the modification of a sugar chain
wherein 1-position of fucose is bound to 6-position of
N-acetylglucosamine in the reducing end through a-bond in
the complex N-glycoside-linked sugar chain is decreased or
deleted can be prepared by applying the method similar to that
in the item 1 to fertilized egg of a non-human animal of
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interest such as cattle, sheep, goat, pig, horse, mouse, rat,
fowl, monkey, rabbit or the like.

A transgenic non-human animal in which the activity of an
enzyme relating to the synthesis of an intracellular sugar
nucleotide, GDP-fucose or the activity of an enzyme relating
to the modification of a sugar chain wherein 1-position of
fucose is bound to 6-position of N-acetylglucosamine in the
reducing end through a-bond in the complex N-glycoside-
linked sugar chain is decreased can be prepared by transplant-
ing the prepared fertilized egg cell into the oviduct or uterus
of'a pseudopregnant female using the embryo transplantation
method described in Manipulating Mouse Embryo, Second
Edition or the like, followed by childbirth by the animal.

In a transgenic plant, the callus of the present invention in
which the activity of an enzyme relating to the synthesis of an
intracellular sugar nucleotide, GDP-fucose or the activity of
an enzyme relating to the modification of a sugar chain
wherein 1-position of fucose is bound to 6-position of
N-acetylglucosamine in the reducing end through a-bond in
the complex N-glycoside-linked sugar chain is decreased or
deleted can be prepared by applying the method similar to that
in the item 1 to a callus or cell of the plant of interest.

A transgenic plant in which the activity of an enzyme
relating to the synthesis of an intracellular sugar nucleotide,
GDP-fucose or the activity of an enzyme relating to the modi-
fication of a sugar chain wherein 1-position of fucose is bound
to 6-position of N-acetylglucosamine in the reducing end
through a-bond in the complex N-glycoside-linked sugar
chain is decreased can be prepared by culturing the prepared
callus using a medium comprising auxin and cytokinin to
redifferentite it in accordance with a known method [ Zissue
Culture, 20 (1994); Tissue Culture, 21 (1995); Trends in Bio-
technology, 15, 45 (1997)].

3. Method for Producing an Antibody Composition

The antibody composition can be obtained by expressing it
in a host cell using the methods described in Molecular Clon-
ing, Second Edition; Current Protocols in Molecular Biol-
ogy; Antibodies, A Laboratory Manual, Cold Spring Harbor
Laboratory, 1988 (hereinafter referred also to as “Antibod-
ies”); Monoclonal Antibodies: Principles and Practice, Third
Edition, Acad. Press, 1993 (hereinafter referred also to as
“Monoclonal Antibodies™); and Antibody Engineering, A
Practical Approach, IRL. Press at Oxford University Press
(hereinafter referred also to as “Antibody Engineering”), for
example, as follows.

A full length ¢cDNA encoding an antibody molecule is
prepared, and an appropriate length of a DNA fragment com-
prising a moiety encoding the antibody molecule is prepared.

A recombinant vector is prepared by inserting the DNA
fragment or the full length ¢cDNA into downstream of the
promoter of an appropriate expression vector.

A transformant which produces the antibody molecule can
be obtained by introducing the recombinant vector into a host
cell suitable for the expression vector.

As the host cell, any of yeast, animal cell, insect cell, plant
cell or the like can be used, so long as it can express the gene
of interest.

A cell such as yeast, animal cell, insect cell, plant cell or the
like into which an enzyme relating to the modification of an
N-glycoside-linked sugar chain which binds to the Fc region
of'the antibody molecule is introduced by a genetic engineer-
ing technique can also be used as the host cell.

As the expression vector, a vector which is autonomously
replicable in the host cell or can be integrated into the chro-
mosome and comprises a promoter at such a position that the
DNA encoding the antibody molecule of interest can be trans-
ferred is used.
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The cDNA can be prepared from a human or non-human
tissue or cell using, e.g., a probe primer specific for the anti-
body molecule of interest, in accordance with the methods
described in the preparation of DNA in the item 1(1)(a).

When a yeast is used as the host cell, examples of the
expression vector include YEP13 (ATCC 37115), YEp24
(ATCC 37051), YCp50 (ATCC 37419) and the like.

Any promoter can be used, so long as it can function in
yeast. Examples include a promoter of a gene of the glyco-
Iytic pathway such as a hexose kinase gene, etc., PHOS pro-
moter, PGK promoter, GAP promoter, ADH promoter, gal 1
promoter, gal 10 promoter, heat shock protein promoter, MF
a1 promoter, CUP 1 promoter and the like.

Examples of the host cell include microorganisms belong-
ing to the genus Saccharomyces, the genus Schizosaccharo-
myces, the genus Kluyveromyces, the genus Trichosporon, the
genus Schwanniomyces and the like, such as Saccharomyces
cerevisiae, Schizosaccharomyces pombe, Kluyveromyces
lactis, Trichosporon pullulans and Schwanniomyces alluvius,
etc.

As the method for introducing the recombinant vector, any
method can be used, so long as it can introduce DNA into
yeast. Examples include electroporation [Methods in Enzy-
mology, 194, 182 (1990)], spheroplast method [Proc. Natl.
Acad. Sci. US4, 84,1929 (1978)], lithium acetate method [J.
Bacteriol., 153, 163 (1983)], a method described in Proc.
Natl. Acad. Sci. USA, 75, 1929 (1978) and the like.

When an animal cell is used as the host, examples of the
expression vector include pcDNAI, pcDMS8 (available from
Funakoshi), pAGE107 [Japanese Published Examined Patent
Application No. 22979/91; Cytotechnology, 3, 133 (1990)],
pAS3-3 (Japanese Published Examined Patent Application
No. 227075/90), pCDMS8 [Nature, 329, 840 (1987)], pcD-
NAL/Amp (manufactured by Invitrogen), pREP4 (manufac-
tured by Invitrogen), pAGE103 [J. Biochemistry, 101, 1307
(1987)], pAGE210 and the like.

Any promoter can be used, so long as it can function in an
animal cell. Examples include a promoter of IE (immediate
early) gene of cytomegalovirus (CMV), an early promoter of
SV40, a promoter of retrovirus, a promoter of metallothion-
ein, a heat shock promoter, an SRa promoter and the like.
Also, an enhancer of the IE gene of human CMV may be used
together with the promoter.

Examples of the host cell include a human cell such as
Namalwa cell, a monkey cell such as COS cell, a Chinese
humster cell such as CHO cell or HBT5637 (Japanese Pub-
lished Examined Patent Application No. 299/88), a rat
myeloma cell, a mouse myeloma cell, a cell derived from
syrian hamster kidney, an embryonic stem cell, a fertilized
egg cell and the like.

As the method for introducing the recombinant vector, any
method can be used, so long as it can introduce DNA into an
animal cell. Examples include electroporation [ Cytotechnol-
ogy, 3, 133 (1990)], the calcium phosphate method (Japanese
Published Examined Patent Application No. 227075/90), the
lipofection method [Proc. Natl. Acad. Sci. USA, 84, 7413
(1987)], the injection method [Maripulating the Mouse
Embryo, A Laboratory Manual], a method using particle gun
(gene gun) (Japanese Patent No. 2606856, Japanese Patent
No. 2517813), the DEAE-dextran method [ Biomanual Series
4-Gene Transfer and Expression Analysis (Yodo-sha), edited
by Takashi Yokota and Kenichi Arai (1994)], the virus vector
method [Manripulating Mouse Embryo, Second Edition| and
the like.

When an insect cell is used as the host, the protein can be
expressed by the method described in Current Protocols in
Molecular Biology, Baculovirus Expression Vectors, A Labo-
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ratory Manual, WH. Freeman and Company, New York
(1992), Bio/Technology, 6, 47 (1988) or the like.

That is, the protein can be expressed by simultaneously
introducing a recombinant gene-introducing vector and a
baculovirus into an insect cell to obtain a recombinant virus in
an insect cell culture supernatant and then infecting the insect
cell with the recombinant virus.

Examples of the gene introducing vector used in the
method include pV1.1392, pVL.1393, pBlueBacllI (all manu-
factured by Invitrogen) and the like.

Examples of the baculovirus include Autographa califor-
nica nuclear polyhedrosis virus which is infected with an
insect of the family Barathra.

Examples of the insect cell include Spodoptera frugiperda
oocytes S19 and S121 /Current Protocols in Molecular Biol-
ogy, Baculovirus Expression Vectors, A Laboratory Manual,
W.H. Freeman and Company, New York (1992)], a Trichop-
lusia ni oocyte High 5 (manufactured by Invitrogen) and the
like.

Examples of the method for the simultaneously introduc-
ing the recombinant gene-introducing vector and the bacu-
lovirus for preparing the recombinant virus include the cal-
cium phosphate method (Japanese Published Examined
Patent Application No. 227075/90), the lipofection method
[Proc. Natl. Acad. Sci. USA, 84, 7413 (1987)] and the like.

When a plant cell is used as the host, examples of the
expression vector include Ti plasmid, tobacco mosaic virus
and the like.

As the promoter, any promoter can be used, so long as it can
function in a plant cell. Examples include cauliflower mosaic
virus (CaMV) 358 promoter, rice actin 1 promoter and the
like.

Examples of the host cell include plant cells of tobacco,
potato, tomato, carrot, soybean, rape, alfalfa, rice, wheat,
barley, etc., and the like.

As the method for introducing the recombinant vector, any
method can be used, so long as it can introduce DNA into a
plant cell. Examples include a method using Agrobacterium
(Japanese Published Examined Patent Application No.
140885/84, Japanese Published Examined Patent Application
No. 70080/85, WO 94/00977), electroporation (Japanese
Published Examined Patent Application No. 251887/85), a
method using a particle gun (gene gun) (Japanese Patent No.
2606856, Japanese Patent No. 2517813) and the like.

As the method for expressing a gene, secretion production,
expression of a fusion protein of the Fc region with other
protein and the like can be carried out in accordance with the
method described in Molecular Cloning, Second Edition or
the like, in addition to the direct expression.

When a gene is expressed by a bacterium, a yeast, an
animal cell, an insect cell or a plant cell into which a gene
relating to the synthesis of a sugar chain is introduced, an
antibody molecule to which a sugar or a sugar chain is added
by the introduced gene can be obtained.

An antibody composition can be obtained by culturing the
obtained transformant in a medium to produce and accumu-
late the antibody molecule in the culture and then recovering
it from the resulting culture. The method for culturing the
transformant using a medium can be carried out in accor-
dance with a general method which is used for the culturing of
host cells.

As the medium for culturing a transformant obtained using
aprokaryote such as Escherichia coli etc. or a eukaryote such
as yeast etc. as the host cell, the medium may be either a
natural medium or a synthetic medium, so long as it com-
prises materials such as a carbon source, a nitrogen source, an
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inorganic salt and the like which can be assimilated by the
organism and culturing of the transformant can be efficiently
carried out.

As the carbon source, those which can be assimilated by
the organism can be used. Examples include carbohydrates
such as glucose, fructose, sucrose, molasses containing them,
starch, starch hydrolysate, etc.; organic acids such as acetic
acid, propionic acid, etc.; alcohols such as ethanol, propanol,
etc.; and the like.

Examples of the nitrogen source include ammonia; ammo-
nium salts of inorganic acid or organic acid such as ammo-
nium chloride, ammonium sulfate, ammonium acetate,
ammonium phosphate, etc.; other nitrogen-containing com-
pounds; peptone; meat extract; yeast extract; corn steep
liquor; casein hydrolysate; soybean meal; soybean meal
hydrolysate; various fermented cells and hydrolysates
thereof;, and the like.

Examples of the inorganic material include potassium
dihydrogen phosphate, dipotassium hydrogen phosphate,
magnesium phosphate, magnesium sulfate, sodium chloride,
ferrous sulfate, manganese sulfate, copper sulfate, calcium
carbonate, and the like

The culturing is carried out generally under aerobic con-
ditions such as a shaking culture, submerged-aeration stirring
culture or the like. The culturing temperature is preferably 15
to 40° C., and the culturing time is generally 16 hours to 7
days. During the culturing, the pH is maintained at 3.0 t0 9.0.
The pH is adjusted using an inorganic or organic acid, an
alkali solution, urea, calcium carbonate, ammonia or the like.

If necessary, an antibiotic such as ampicillin, tetracycline
or the like may be added to the medium during the culturing.

When a microorganism transformed with a recombinant
vector obtained using an inducible promoter as the promoter
is cultured, an inducer may be added to the medium, if nec-
essary. For example, when a microorganism transformed with
arecombinant vector obtained using lac promoter is cultured,
isopropyl-p-D-thiogalactopyranoside may be added to the
medium, and when a microorganism transformed with a
recombinant vector obtained using trp promoter is cultured,
indoleacrylic acid may be added to the medium.

When a transformant obtained using an animal cell as the
host cell is cultured, examples of the medium include gener-
ally used RPMI 1640 medium [ The Journal of the American
Medical Association, 199, 519 (1967)], Eagle’s MEM
medium [Science, 122, 501 (1952)], Dulbecco’s modified
MEM medium [ Virology, 8, 396 (1959)], 199 medium [Pro-
ceeding of the Society for the Biological Medicine, 73, 1
(1950)] and Whitten’s medium [Developmental Engineering
Experimentation Manual-Preparation of Transgenic Mice
(Kodan-sha), edited by M. Katshuki (1987)], the media to
which fetal calf serum, etc. is added, and the like.

The culturing is carried out generally at a pH of 6 to 8 and
30 to 40° C. for 1 to 7 days in the presence of 5% CO,. If
necessary, an antibiotic such as kanamycin, penicillin or the
like may be added to the medium during the culturing.

Examples of the medium for use in the culturing of a
transformant obtained using an insect cell as the host include
usually used TNM-FH medium (manufactured by Pharmin-
gen), Sf-900 II SFM medium (manufactured by Life Tech-
nologies), ExCell 400 and ExCell 405 (both manufactured by
JRH Biosciences), Grace’s Insect Medium [Nature, 195, 788
(1962)] and the like.

The culturing is carried out generally at a medium pH of 6
to 7 and 25 to 30° C. for 1 to 5 days.

In addition, antibiotics such as gentamicin may be added to
the medium during the culturing as occasion demands.
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A transformant obtained using a plant cell as the host can
be cultured as a cell or by differentiating it into a plant cell or
organ. Examples of the medium for culturing the transfor-
mant include generally used Murashige and Skoog (MS)
medium and White medium, the media to which a plant
hormone such as auxin, cytokinin, etc. is added, and the like.

The culturing is carried out generally at a pH of 5 to 9 and
20 to 40° C. for 3 to 60 days.

If necessary, an antibiotic such as kanamycin, hygromycin
or the like may be added to the medium during the culturing.

Accordingly, an antibody composition can be produced by
culturing a transformant derived from a microorganism, an
animal cell or a plant cell, which comprises a recombinant
vector into which a DNA encoding an antibody molecule is
inserted, in accordance with a general culturing method, to
thereby produce and accumulate the antibody composition,
and then recovering the antibody composition from the cul-
ture.

As the method for expressing the gene, secretion produc-
tion, expression of a fusion protein and the like can be carried
out in accordance with the method described in Molecular
Cloning, Second Edition, in addition to the direct expression.

Examples of the method for producing an antibody com-
position include a method of intracellular expression in a host
cell, a method of extracellular secretion from a host cell, and
a method of production on a host cell membrane outer enve-
lope. The method can be selected by changing the host cell
used or the structure of the antibody composition produced.

When the antibody composition of the present invention is
produced in a host cell or on a host cell membrane outer
envelope, it can be positively secreted extracellularly in
accordance with the method of Paulson et al. [J. Biol. Chem.,
264, 17619 (1989)], the method of Lowe et al. [Proc. Natl.
Acad. Sci. USA, 86, 8227 (1989), Genes Develop., 4, 1288
(1990)], the methods described in Japanese Published Exam-
ined Patent Application No. 336963/93 and Japanese Pub-
lished Examined Patent Application No. 823021/94 and the
like.

That is, an antibody molecule of interest can be positively
secreted extracellularly from a host cell by inserting a DNA
encoding the antibody molecule and a DNA encoding a signal
peptide suitable for the expression of the antibody molecule
into an expression vector using a gene recombination tech-
nique, introducing the expression vector into the host cell and
then expressing the antibody molecule.

Also, its production amount can be increased in accordance
with the method described in Japanese Published Examined
Patent Application No. 227075/90 using a gene amplification
system using a dihydrofolate reductase gene.

In addition, the antibody composition can also be produced
using a gene-introduced animal individual (transgenic non-
human animal) or a plant individual (transgenic plant) which
is constructed by the redifferentiation of an animal or plant
cell into which the gene is introduced.

When the transformant is an animal individual or a plant
individual, an antibody composition can be produced in
accordance with a general method by rearing or cultivating it
to thereby produce and accumulate the antibody composition
and then recovering the antibody composition from the ani-
mal or plant individual.

Examples of the method for producing an antibody com-
position using an animal individual include a method in
which the antibody composition of interest is produced in an
animal constructed by introducing a gene in accordance with
aknown method [American Journal of Clinical Nutrition, 63,
6278 (1996); Bio/Technology, 9, 830 (1991)].
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In the case of an animal individual, an antibody composi-
tion can be produced by rearing a transgenic non-human
animal into which a DNA encoding an antibody molecule is
introduced to thereby produce and accumulate the antibody
composition in the animal, and then recovering the antibody
composition from the animal. Examples of the place of the
animal where the composition is produced and accumulated
include milk (Japanese Published Examined Patent Applica-
tion No. 309192/88) and eggs of the animal. As the promoter
used in this case, any promoter can be used, so long as it can
function in an animal. Preferred examples include mammary
gland cell-specific promoters such as o casein promoter, §
casein promoter, f lactoglobulin promoter, whey acidic pro-
tein promoter and the like.

Example of the method for producing an antibody compo-
sition using a plant individual include a method in which an
antibody composition is produced by cultivating a transgenic
plant into which a DNA encoding an antibody molecule is
introduced by a known method [7Zissue Culture, 20 (1994);
Tissue Culture, 21 (1995); Trends in Biotechnology, 15, 45
(1997)] to produce and accumulate the antibody composition
in the plant, and then recovering the antibody composition
from the plant.

Regarding purification of an antibody composition pro-
duced by a transformant into which a gene encoding an anti-
body molecule is introduced, for example, when the antibody
composition is intracellularly expressed in a dissolved state,
the cells after culturing are recovered by centrifugation, sus-
pended in an aqueous buffer and then disrupted using ultra-
sonic oscillator, French press, Manton Gaulin homogenizer,
dynomill or the like to obtain a cell-free extract. A purified
product of the antibody composition can be obtained from a
supernatant obtained by centrifuging the cell-free extract, by
using a general enzyme isolation purification techniques such
as solvent extraction; salting out; desalting with ammonium
sulfate, etc.; precipitation with an organic solvent; anion
exchange chromatography using a resin such as diethylami-
noethyl (DEAE)-Sepharose, DIAION HPA-75 (manufac-
tured by Mitsubishi Chemical), etc.; cation exchange chro-
matography using a resin such as S-Sepharose FF
(manufactured by Pharmacia), etc.; hydrophobic chromatog-
raphy using a resin such as butyl-Sepharose, phenyl-
Sepharose, etc.; gel filtration using a molecular sieve; affinity
chromatography; chromatofocusing; electrophoresis such as
isoelectric focusing, etc.; and the like which may be used
alone or in combination.

Also, when the antibody composition is expressed intrac-
ellularly by forming an insoluble body, the cells are recov-
ered, disrupted and centrifuged in the same manner, and the
insoluble body of the antibody composition is recovered as a
precipitation fraction. The recovered insoluble body of the
antibody composition is solubilized using a protein denatur-
ing agent. The antibody composition is made into a normal
three-dimensional structure by diluting or dialyzing the solu-
bilized solution, and then a purified product of the antibody
composition is obtained by the same isolation purification
method.

When the antibody composition is secreted extracellularly,
the antibody composition or derivatives thereof can be recov-
ered from the culture supernatant. That is, the culture is
treated by a technique such as centrifugation or the like to
obtain a soluble fraction, and a purified preparation of the
antibody composition can be obtained from the soluble frac-
tion by the same isolation purification method.

Examples of the thus obtained antibody composition
include an antibody, the fragment of the antibody, a fusion
protein comprising the Fc region of the antibody, and the like.
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As an example for obtaining the antibody composition, a
method for producing a composition of a humanized antibody
is described below in detail, but other antibody compositions
can also be obtained in a manner similar to the method.

(1) Construction of Vector for Humanized Antibody Expres-
sion

A vector for humanized antibody expression is an expres-
sion vector for animal cell into which genes encoding the
heavy chain (H chain) and light chain (L chain) C regions of
a human antibody are inserted, which can be constructed by
cloning each of genes encoding the H chain and L chain C
regions of a human antibody into an expression vector for
animal cell.

The C regions of a human antibody may be the H chain and
L chain of any human antibody. Examples include the C
region belonging to IgG1 subclass in the H chain of a human
antibody (hereinafter referred to as “hCy1”), the C region
belonging to k class in the L chain of a human antibody
(hereinafter referred to as “hCx”), and the like.

As the genes encoding the H chain and L chain C regions of
a human antibody, a chromosomal DNA comprising an exon
and an intron can be used or a cDNA can also be used.

As the expression vector for animal cell, any vector can be
used, so long as a gene encoding the C region of a human
antibody can be inserted thereinto and expressed therein.
Examples include pAGE107 [Cytotechnology, 3, 133
(1990)], pAGE103 [J. Biochem., 101, 1307 (1987)],
pHSG274 [Gene, 27,223 (1984)], pKCR [Proc. Natl. Acad.
Sci. US4, 78, 1527 (1981), pSG1 p d2-4 [Cytotechnology, 4,
173 (1990)] and the like. Examples of the promoter and
enhancer in the expression vector for animal cell include
SV40 early promoter and enhancer [J. Biochem., 101, 1307
(1987)], Moloney mouse leukemia virus LTR promoter [ Bio-
chem. Biophys. Res. Commun., 149, 960 (1987)], immuno-
globulin H chain promoter [Cell, 41, 479 (1985)] and
enhancer [Cell, 33, 717 (1983)], and the like.

The humanized antibody expression vector may be either
of'a type in which genes encoding the H chain and L. chain of
an antibody exist on separate vectors or of a type in which
both genes exist on the same vector (tandem type). In respect
of easiness of construction of a humanized antibody expres-
sion vector, easiness of introduction into animal cells, and
balance between the expression amounts of the H and L
chains of an antibody in animal cells, a tandem type of the
humanized antibody expression vector is more preferred [J/.
Immunol. Methods, 167,271 (1994)].

The constructed humanized antibody expression vector
can be used for expression of a human chimeric antibody and
a human CDR-grafted antibody in animal cells.

(2) Preparation of cDNA Encoding V Region of Antibody
Derived from Animal Other than Human

c¢DNAs encoding the H chain and L chain V regions of an
antibody derived from an animal other than human, such as a
mouse antibody, can be obtained in the following manner.

A cDNA is synthesized by extracting mRNA from a hybri-
doma cell which produces the mouse antibody ofinterest. The
synthesized cDNA is cloned into a vector such as a phage or
a plasmid to obtain a cDNA library. Each of a recombinant
phage or recombinant plasmid comprising a cDNA encoding
the H chain V region and a recombinant phage or recombinant
plasmid comprising a cDNA encoding the L chain V region is
isolated from the library using a C region part or a V region
part of an existing mouse antibody as the probe. Full nucle-
otide sequences of the H chain and L. chain V regions of the
mouse antibody of interest on the recombinant phage or
recombinant plasmid are determined, and full amino acid
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sequences of the H chain and L. chain V regions are deduced
from the nucleotide sequences.

As the animal other than human, any animal such as mouse,
rat, hamster, rabbit or the like can be used so long as a
hybridoma cell can be produced therefrom.

Examples of the method for preparing total RNA from a
hybridoma cell include the guanidine thiocyanate-cesium tri-
fluoroacetate method [Methods in Enzymology, 154, 3
(1987)] and the like, and examples of the method for prepar-
ing mRNA from total RNA, an oligo(dT)-immobilized cellu-
lose column method (Molecular Cloning, Second Edition)
and the like. In addition, examples of a kit for preparing
mRNA from a hybridoma cell include Fast Track mRNA
Isolation Kit (manufactured by Invitrogen), Quick Prep
mRNA Purification Kit (manufactured by Pharmacia) and the
like.

Examples of the method for synthesizing cDNA and pre-
paring a cDNA library include the usual methods (Molecular
Cloning, Second Edition, Current Protocols in Molecular
Biology, Supplement 1-34), methods using a commercially
available kit such as SuperScript™, Plasmid System for
c¢DNA Synthesis and Plasmid Cloning (manufactured by
GIBCO BRL) or ZAP-cDNA Synthesis Kit (manufactured by
Stratagene), and the like.

In preparing the cDNA library, the vector into which a
c¢DNA synthesized using mRNA extracted from a hybridoma
cell as the template is inserted may be any vector so long as
the ¢cDNA can be inserted. Examples include ZAP Express
[Strategies, S, 58 (1992)], pBluescript 11 SK(+) [Nucleic
Acids Research, 17, 9494 (1989)], Azapll (manufactured by
Stratagene), AgtlO and Agtll /DNA Cloning, A Practical
Approach, 1,49 (1985)], Lambda BlueMid (manufactured by
Clontech), AExCell, pT7T3 18U (manufactured by Pharma-
cia), pcD2 [Mol. Cell. Biol., 3, 280 (1983)], pUC18 [Gene,
33, 103 (1985)] and the like.

As Escherichia coli into which the ¢cDNA library con-
structed from a phage or plasmid vector is introduced, any
Escherichia coli canbe used, so long as the cDNA library can
be introduced, expressed and maintained. Examples include
XL1-Blue MRF' [Strategies, 5, 81 (1992)], C600 [Genetics,
39, 440 (1954)], Y1088 and Y1090 [Science, 222, 778
(1983)], NM522 [J. Mol. Biol., 166, 1 (1983)], K802 /J. Mol.
Biol., 16,118 (1966)], IM105 [Gene, 38, 275 (1985)] and the
like.

As the method for selecting a cDNA clone encoding the H
chain and L chain V regions of an antibody derived from an
animal other than human from the cDNA library, a colony
hybridization or a plaque hybridization using an isotope- or
fluorescence-labeled probe can be used (Molecular Cloning,
Second Edition). The ¢cDNA encoding the H chain and L.
chain V regions can also be prepared by preparing primers
and carrying out polymerase chain reaction (hereinafter
referred to as “PCR”; Molecular Cloning, Second Edition;
Current Protocols in Molecular Biology, Supplement 1-34)
using a cDNA synthesized from mRNA or a cDNA library as
the template.

The nucleotide sequences of the cDNAs can be determined
by digesting the selected cDNAs with appropriate restriction
enzymes, cloning the fragments into a plasmid such as pBlue-
script SK(-) (manufactured by Stratagene) or the like, carry-
ing out the reaction of a generally used nucleotide sequence
analyzing method such as the dideoxy method [Proc. Natl.
Acad. Sci. USA, 74, 5463 (1977)] of Sanger et al. or the like
and then analyzing the clones using an automatic nucleotide
sequence analyzer such as A.L.F. DNA Sequencer (manufac-
tured by Pharmacia) or the like. Whether or not the obtained
c¢DNAs are encoding the full amino acid sequences of the H
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chain and L chain V regions of the antibody containing a
secretory signal sequence can be confirmed by deducing the
full amino acid sequences of the H chain and L. chain V
regions from the determined nucleotide sequence and com-
paring them with the full amino acid sequences ofthe H chain
and L chain V regions of known antibodies [Sequences of
Proteins of Immunological Interest, US Dep. Health and
Human Services (1991)].
(3) Analysis of Amino Acid Sequence of V Region of Anti-
body Derived from Animal Other than Human

Regarding the full amino acid sequences of the H chain and
L chain V regions of the antibody containing a secretory
signal sequence, the length of the secretory signal sequence
and the N-terminal amino acid sequences can be deduced and
subgroups to which they belong can also be found, by com-
paring them with the full amino acid sequences ofthe H chain
and L chain V regions of known antibodies [Sequences of
Proteins of Immunological Interest, US Dep. Health and
Human Services, (1991)]. In addition, the amino acid
sequences of the H chain and L. chain V regions of each CDR
can also be found by comparing them with the amino acid
sequences of the H chain and L chain V regions of known
antibodies [ Sequences of Proteins of Immunological Interest,
US Dep. Health and Human Services, (1991)].
(4) Construction of Human Chimeric Antibody Expression
Vector

A human chimeric antibody expression vector can be con-
structed by cloning cDNAs encoding the H chain and L. chain
V regions of an antibody derived from an animal other than
human into upstream of genes encoding the H chain and L
chain C regions of a human antibody in the vector for human-
ized antibody expression constructed in the item 3(1). For
example, a human chimeric antibody expression vector can
be constructed by linking each of ¢cDNAs encoding the H
chain and L chain V regions of an antibody derived from an
animal other than human to a synthetic DNA comprising
nucleotide sequences at the 3'-terminals of the H chain and LL
chain V regions of an antibody derived from an animal other
than human and nucleotide sequences at the 5'-terminals of
the H chain and L chain C regions of a human antibody and
also having a recognition sequence of an appropriate restric-
tion enzyme at both terminals, and by cloning them into
upstream of genes encoding the H chain and L chain C
regions of a human antibody contained in the vector for
humanized antibody expression constructed described in the
item 3(1).
(5) Construction of ¢cDNA Encoding V Region of Human
CDR-Grafted Antibody

c¢DNAs encoding the H chain and L chain V regions of a
human CDR-grafted antibody can be obtained as follows.
First, amino acid sequences of the frameworks (hereinafter
referred to as “FR”) of the H chain and L chain V regions of
a human antibody for grafting CDR of the H chain and L
chain V regions of an antibody derived from an animal other
than human is selected. As the amino acid sequences of FRs
of'the H chainand L chain V regions of a human antibody, any
amino acid sequences can be used so long as they are derived
from a human antibody. Examples include amino acid
sequences of FRs of the H chain and L chain V regions of
human antibodies registered at databases such as Protein Data
Bank, etc., amino acid sequences common in each subgroup
of FRs of the H chain and L chain V regions of human
antibodies [ Sequences of Proteins of Immunological Interest,
US Dep. Health and Human Services (1991)] and the like. But
in order to produce a human CDR-grafted antibody having
potent activity, it is preferable to select an amino acid
sequence having a homology as high as possible (at least 60%
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or more) with amino acid sequences of the H chain and L.
chain V regions of an antibody of interest derived from an
animal other than human.

Next, the amino acid sequences of CDRs of the H chainand
L chain V regions of the antibody of interest derived from an
animal other than human are grafted to the selected amino
acid sequences of FRs of the H chain and I chain V regions of
a human antibody to design amino acid sequences of the H
chain and L chain V regions of the human CDR-grafted
antibody. The designed amino acid sequences are converted
into DNA sequences by considering the frequency of codon
usage found in nucleotide sequences of antibody genes [Se-
quences of Proteins of Immunological Interest, US Dep.
Health and Human Services (1991)], and the DNA sequences
encoding the amino acid sequences ofthe H chain and I chain
V regions of the human CDR-grafted antibody are designed.
Based on the designed DNA sequences, several synthetic
DNA fragments having a length of about 100 bases are syn-
thesized, and PCR is carried out using them. In this case, it is
preferable in each of the H chain and the L. chain that 6
synthetic DNAs are designed in view of the reaction effi-
ciency of PCR and the lengths of DNAs which can be syn-
thesized.

Also, they can be easily cloned into the vector for human-
ized antibody expression constructed in the item 3(1) by
introducing recognition sequences of an appropriate restric-
tion enzyme into the 5'-terminals of the synthetic DNA
present on both terminals. After the PCR, the amplified prod-
uct is cloned into a plasmid such as pBluescript SK(-) (manu-
factured by Stratagene) or the like and the nucleotide
sequences are determined by the method in the item 3(2) to
thereby obtain a plasmid having DNA sequences encoding
the amino acid sequences of the H chain and L. chain V
regions of the desired human CDR-grafted antibody.

(6) Construction of Human CDR-Grafted Antibody Expres-
sion Vector

A human CDR-grafted antibody expression vector can be
constructed by cloning the cDNAs encoding the H chain and
L chain V regions of the human CDR-grafted antibody con-
structed in the item 3(5) into upstream of the gene encoding H
chain and L chain C regions of a human antibody in the vector
for humanized antibody expression described in the item
3(1). For example, the human CDR-grafted antibody expres-
sion vector can be constructed by introducing recognizing
sequences of an appropriate restriction enzyme into the 5'-ter-
minals of both terminals of a synthetic DNA fragment, among
the synthetic DNA fragments which are used when PCR is
carried out in the item 3(5) for constructing the H chainand L.
chain V regions of the human CDR-grafted antibody, so that
they are cloned into upstream of the genes encoding the H
chain and L chain C regions of a human antibody in the vector
for humanized antibody expression described in the item 3(1)
in such a manner that they can be expressed in a suitable form.
(7) Stable Production of Humanized Antibody

A transformant capable of stably producing a human chi-
meric antibody and a human CDR-grafted antibody (both
hereinafter referred to as “humanized antibody™) can be
obtained by introducing the humanized antibody expression
vectors described in the items 3(4) and (6) into an appropriate
animal cell.

Examples of the method for introducing a humanized anti-
body expression vector into an animal cell include electropo-
ration [Japanese Published Examined Patent Application No.
257891/90, Cytotechnology, 3, 133 (1990)] and the like.

10

15

20

25

30

35

40

45

50

55

60

65

52

As the animal cell into which a humanized antibody
expression vector is introduced, any cell can be used so long
as it is an animal cell which can produce the humanized
antibody.

Examples include mouse myeloma cells such as NSO cell
and SP2/0 cell, Chinese hamster ovary cells such as CHO/
dhfr~ cell and CHO/DG44 cell, rat myeloma such as YB2/0
cell and IR983F cell, BHK cell derived from a syrian hamster
kidney, a human myeloma cell such as Namalwa cell, and the
like, and a Chinese hamster ovary cell CHO/DG44 cell, a rat
myeloma YB2/0 cell and the host cells of the present inven-
tion described in the item 5 are preferred.

After introduction of the humanized antibody expression
vector, a transformant capable of stably producing the
humanized antibody can be selected using a medium for
animal cell culture comprising an agent such as G418 sulfate
(hereinafter referred to as “G418”; manufactured by SIGMA)
and the like in accordance with the method disclosed in Japa-
nese Published Examined Patent Application No. 257891/90.
Examples of the medium for animal cell culture include
RPMI 1640 medium (manufactured by Nissui Pharmaceuti-
cal), GIT medium (manufactured by Nihon Pharmaceutical),
EX-CELL 302 medium (manufactured by JRH), IMDM
medium (manufactured by GIBCO BRL), Hybridoma-SFM
medium (manufactured by GIBCO BRL) media obtained by
adding various additives such as fetal bovine serum (herein-
after referred to as “FBS”) to these media, and the like. The
humanized antibody can be produced and accumulated in the
culture supernatant by culturing the obtained transformant in
a medium. The expression level and antigen binding activity
of the humanized antibody in the culture supernatant can be
measured by a method such as enzyme-linked immunosor-
bent assay [hereinafter referred to as “ELISA”; Antibodies: A
Laboratory Manual, Cold Spring Harbor Laboratory, Chap-
ter 14 (1998), Monoclonal Antibodies: Principles and Prac-
tice, Academic Press Limited (1996)] or the like. Also, the
expression level of the humanized antibody by the transfor-
mant can be increased using a DHFR gene amplification
system in accordance with the method disclosed in Japanese
Published Examined Patent Application No. 257891/90.

The humanized antibody can be purified from a culture
supernatant of the transformant using a protein A column
[Antibodies, A Laboratory Manual, Cold Spring Harbor
Laboratory, Chapter 8 (1988), Monoclonal Antibodies: Prin-
ciples and Practice, Academic Press Limited (1996)]. In
addition, purification methods generally used for the purifi-
cation of proteins can also be used. For example, the purifi-
cation can be carried out through the combination of a gel
filtration, an ion exchange chromatography and an ultrafiltra-
tion. The molecular weight of the H chain, L chain or anti-
body molecule as a whole of the purified humanized antibody
can be measured, e.g., by polyacrylamide gel electrophoresis
[hereinafter referred to as “SDS-PAGE”; Nature, 227, 630
(1970)], Western blotting [Antibodies, A Laboratory Manual,
Cold Spring Harbor Laboratory, Chapter 12, (1988), Mono-
clonal Antibodies: Principles and Practice, Academic Press
Limited (1996)] or the like.

Thus, methods for producing an antibody composition
using an animal cell as the host have been described, but, as
described above, the antibody composition can also be pro-
duced by a yeast, an insect cell, a plant cell, an animal indi-
vidual or a plant individual by the same methods on the
animal cell.

When a host cell has the ability to express an antibody
molecule innately, the antibody composition of the present
invention can be produced by preparing a cell expressing an
antibody molecule using the method described in the item 1,
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culturing the cell and then purifying the antibody composi-
tion of interest from the resulting culture.
4. Activity Evaluation of Antibody Composition

As the method for measuring the amount of the purified
antibody composition, the activity to bind to an antibody and
the effector function of the purified antibody composition, the
known method described in Monoclonal Antibodies, Anti-
body Engineering and the like can be used.

As the examples, when the antibody composition is a
humanized antibody, the binding activity with an antigen and
the binding activity with an antigen-positive cultured cell line
can be measured by methods such as ELISA, an immunof-
luorescent method [Cancer Immunol. Immunother., 36, 373
(1993)] and the like. The cytotoxic activity against an anti-
gen-positive cultured cell line can be evaluated by measuring
CDC activity, ADCC activity [Cancer Immunol. Immu-
nother., 36,373 (1993)] and the like.

Also, safety and therapeutic effect of the antibody compo-
sition in human can be evaluated using an appropriate model
of'animal species relatively close to human, such as Macaca
fascicularis or the like.

5. Analysis of Sugar Chains Binding to Antibody Molecules
Expressed in Various Cells

The sugar chain structure binding to an antibody molecule
expressed in various cells can be analyzed in accordance with
the general analysis of the sugar chain structure of a glyco-
protein. For example, the sugar chain which is bound to IgG
molecule comprises a neutral sugar such as galactose, man-
nose, fucose or the like, an amino sugar such as N-acetylglu-
cosamine or the like and an acidic sugar such as sialic acid or
the like, and can be analyzed by a method such as a sugar
chain structure analysis or the like using sugar composition
analysis, two dimensional sugar chain mapping or the like.
(1) Analysis of Neutral Sugar and Amino Sugar Composi-
tions

The sugar chain composition binding to an antibody mol-
ecule can be analyzed by carrying out acid hydrolysis of sugar
chains with an acid such as trifluoroacetic acid or the like to
release a neutral sugar or an amino sugar and measuring the
composition ratio.

Example include a method using a sugar composition ana-
lyzer (BioL.C) manufactured by Dionex. The BioLC is an
apparatus which analyzes a sugar composition by HPAEC-
PAD (high performance anion-exchange chromatography-
pulsed amperometric detection) [J. Lig. Chromatogr., 6,1577
(1983)].

The composition ratio can also be analyzed by a fluores-
cence labeling method using 2-aminopyridine. Specifically,
the compositional ratio can be calculated in accordance with
aknown method [4gric. Biol. Chem., 55(1), 283-284 (1991)],
by labeling an acid-hydrolyzed sample with a fluorescence
with 2-aminopyridylation and then analyzing the composi-
tion by HPLC.

(2) Analysis of Sugar Chain Structure

The sugar chain structure binding to an antibody molecule
can be analyzed by the two dimensional sugar chain mapping
method [Anal. Biochem., 171, 73 (1988), Biochemical
Experimentation Methods 23—Methods for Studying Glyco-
protein Sugar Chains (Japan Scientific Societies Press) edited
by Reiko Takahashi (1989)]. The two dimensional sugar
chain mapping method is a method for deducing a sugar chain
structure by, e.g., plotting the retention time or elution posi-
tion of a sugar chain by reverse phase chromatography as the
X axis and the retention time or elution position of the sugar
chain by normal phase chromatography as the Y axis, respec-
tively, and comparing them with such results of known sugar
chains.
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Specifically, sugar chains are released from an antibody by
subjecting the antibody to hydrazinolysis, and the released
sugar chain is subjected to fluorescence labeling with 2-ami-
nopyridine (hereinafter referred to as “PA”) [J. Biochem., 95,
197 (1984)], and then the sugar chains are separated from an
excess PA-treating reagent by gel filtration, and subjected to
reverse phase chromatography. Thereafter, each peak of the
separated sugar chains are subjected to normal phase chro-
matography. The sugar chain structure can be deduced by
plotting the results on a two dimensional sugar chain map and
comparing them with the spots of a sugar chain standard
(manufactured by Takara Shuzo) or a literature [Anral. Bio-
chem., 171,73 (1988)].

The structure deduced by the two dimensional sugar chain
mapping method can be confirmed by further carrying out
mass spectrometry such as MALDI-TOF-MS of each sugar
chain or the like.

6. Immunological Determination Method for Discriminating
Sugar Chain Structure of Antibody Molecule

An antibody composition comprises an antibody molecule
in which sugar chains binding to the Fc region of the antibody
are different in structure. The antibody composition in which
the ratio of a sugar chain in which fucose is not bound to
N-acetylglucosamine in the reducing end in the sugar chain is
20% or more among the total complex N-glycoside-linked
sugar chains binding to the Fc region in the antibody compo-
sition reducing end has potent ADCC activity. The antibody
composition can be identified by using the method for ana-
lyzing the sugar chain structure of an antibody molecule
described in the item 6. Also, it can also be identified by an
Immunological determination method using a lectin.

The sugar chain structure of an antibody molecule can be
identified by the Immunological determination method using
a lectin in accordance with the known Immunological deter-
mination method such as Western staining, IRA (radioimmu-
noassay), VIA (viroimmunoassay), EIA (enzymoimmunoas-
say), FIA (fluoroimmunoassay), MIA
(metalloimmunoassay) and the like described in Monroclonal
Antibodies: Principles and Applications, Wiley-Liss, Inc.
(1995); Immunoassay, 3rd Ed., Igakushoin (1987); Enzyme
Antibody Method, Revised Edition, Gakusai Kikaku (1985);
and the like.

A lectin which recognizes the sugar chain structure of an
antibody molecule comprised in an antibody composition is
labeled, and the labeled lectin is allowed to react with an
antibody composition which is a sample. Then, the amount of
the complex of the labeled lectin with the antibody molecule
is measured.

Examples of the lectin used for identifying the sugar chain
structure of an antibody molecule include WGA (wheat-germ
agglutinin derived from 7. vuigaris), ConA (cocanavalin A
derived from C. ensiformis), RIC (a toxin derived from R.
communis), L-PHA (leucoagglutinin derived from P. vui-
garis), LCA (lentil agglutinin derived from L. culinaris), PSA
(pea lectin derived from P, sativum), AAL (Aleuria aurantia
lectin), ACL (Amaranthus caudatus lectin), BPL (Bauhinia
purpurea lectin), DSL (Datura stramonium lectin), DBA
(Dolichos biflorus agglutinin), EBL (elderberry balk lectin),
ECL (Erythrina cristagalli lectin), EEL (Fuonymus eoro-
paeus lectin), GNL (Galanthus nivalis lectin), GSL (Griffo-
nia simplicifolia lectin), HPA (Helix pomatia agglutinin),
HHL (Hippeastrum hybrid lectin), Jacalin, LTL (Lotus tet-
ragonolobus lectin), LEL (Lycopersicon esculentum lectin),
MAL (Maackia amurensis lectin), MPL (Maclura pomifera
lectin), NPL (Narcissus pseudonarcissus lectin), PNA (pea-
nut agglutinin), E-PHA (Phaseolus vulgaris erythroaggluti-
nin), PTL (Psophocarpus tetragonolobus lectin), RCA (Rici-
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nus communis agglutinin), STL (Solanum tuberosum lectin),
SJA (Sophora japonica agglutinin), SBA (soybean aggluti-
nin), UEA (Ulex europaeus agglutinin), VVL (Vicia villosa
lectin) and WFA (Wisteria floribunda agglutinin).

It is preferable to use a lectin which specifically recognizes
a sugar chain structure wherein fucose binds to the N-acetyl-
glucosamine in the reducing end in the complex N-glycoside-
linked sugar chain. Examples include Lens culinaris lectin
LCA (lentil agglutinin derived from Lens culinaris), pea lec-
tin PSA (pea lectin derived from Pisum sativum), broad bean
lectin VFA (agglutinin derived from Vicia faba) and Aleuria
aurantia lectin AAL (lectin derived from Aleuria aurantia).
7. Application of Antibody Molecule of the Present Invention

The antibody composition of the present invention has
potent antibody-dependent cell-mediated cytotoxic activity.
An antibody having potent antibody-dependent cell-medi-
ated cytotoxic activity is useful for preventing and treating
various diseases including cancers, inflammatory diseases,
immune diseases such as autoimmune diseases, allergies and
the like, circulatory organ diseases and viral or bacterial
infections.

In the case of cancers, namely malignant tumors, cancer
cells grow. General anti-tumor agents inhibit the growth of
cancer cells. In contrast, an antibody having potent antibody-
dependent cell-mediated cytotoxic activity can treat cancers
by injuring cancer cells through its cell killing effect, and
therefore, it is more effective as a therapeutic agent than the
general anti-tumor agents. At present, in the therapeutic agent
for cancers, an anti-tumor effect of an antibody medicament
alone is insufficient so that combination therapy with chemo-
therapy has been carried out [Science, 280, 1197 (1998)]. If
more potent anti-tumor effect is found by the antibody com-
position of the present invention alone, the dependency on
chemotherapy will be decreased and side effects will be
reduced.

In immune diseases such as inflammatory diseases,
autoimmune diseases, allergies and the like, in vivo reactions
of the diseases are induced by the release of a mediator
molecule by immunocytes, so that the allergy reaction can be
inhibited by eliminating immunocytes using an antibody hav-
ing potent antibody-dependent cell-mediated cytotoxic activ-
ity.

Examples of the circulatory organ diseases include arterio-
sclerosis and the like. The arteriosclerosis is treated using
balloon catheter at present, but circulatory organ diseases can
be prevented and treated by inhibiting growth of arterial cells
in restricture after treatment using an antibody having potent
antibody-dependent cell-mediated cytotoxic activity.

Various diseases including viral and bacterial infections
can be prevented and treated by inhibiting proliferation of
cells infected with a virus or bacterium using an antibody
having potent antibody-dependent cell-mediated cytotoxic
activity.

Examples of an antibody which recognizes a tumor-related
antigen, an antibody which recognizes an allergy- or inflam-
mation-related antigen, an antibody which recognizes circu-
latory organ disease-related antigen and an antibody which
recognizes a viral or bacterial infection-related antigen are
described below.

Examples of the antibody which recognizes a tumor-re-
lated antigen include anti-GD2 antibody (Ohta et al., Anti-
cancer Res., 13,331-336, 1993), anti-GD3 antibody (Ohta et
al., Cancer Immunol. Immunother., 36, 260-266, 1993), anti-
GM2 antibody (Nakamura etal., Cancer Res., 54,1511-1516,
1994), anti-HER?2 antibody (Carter et al., Proc. Natl. Acad.
Sci. USA, 89, 4285-4289, 1992), anti-CD52 antibody (Carter
et al., Proc. Natl. Acad. Sci. USA, 89, 4285-4289, 1992),
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anti-MAGE antibody (Jungbluth et al., British J. Cancer, 83,
493-497, 2000), anti-HM1.24 antibody (Ono et al., Molecu-
lar Immunol., 36,387-395, 1999), anti-parathyroid hormone-
related protein (PTHrP) antibody (Ogata et al., Cancer, 88,
2909-2911, 2000), anti-basic fibroblast growth factor anti-
body and anti-FGF8 antibody (Matsuzaki et al., Proc. Natl.
Acad. Sci. USA, 86, 9911-9915, 1989), anti-basic fibroblast
growth factor receptor antibody and anti-FGF8 receptor anti-
body (Kuo et al., J. Biol. Chem., 265, 16455-16463, 1990),
anti-insulin-like growth factor antibody (Yao et al., J. Neuro-
sci. Res., 40, 647-659, 1995), anti-insulin-like growth factor
receptor antibody (Yao et al., J. Neurosci. Res., 40, 647-659,
1995), anti-PMSA antibody (Murphy et al., J. Urology, 160,
2396-2401, 1998), anti-vascular endothelial cell growth fac-
tor antibody (Prestaetal., Cancer Res., 57,4593-4599,1997),
anti-vascular endothelial cell growth factor receptor antibody
(Kanno et al., Oncogene, 19, 2138-2146, 2000) and the like.

Examples of the antibody which recognizes an allergy- or
inflammation-related antigen include anti-interleukin 6 anti-
body (Abrams et al., Immunol. Rev., 127, 5-24, 1992), anti-
interleukin 6 receptor antibody (Sato et al., Molecular Immu-
nol.,31,371-381, 1994), anti-interleukin 5 antibody (Abrams
et al., Immunol. Rev., 127, 5-24, 1992), anti-interleukin 5
receptor antibody and anti-interleukin 4 antibody (Biord et
al., Cytokine, 3, 562-567, 1991), anti-tumor necrosis factor
antibody (Tempest et al., Hybridoma, 13, 183-190, 1994),
anti-tumor necrosis factor receptor antibody (Amrani et al.,
Molecular Pharmacol., 58,237-245, 2000), anti-CCR4 anti-
body (Campbell et al., Nature, 400, 776-780, 1999), anti-
chemokine antibody (Peri et al., J. Immuno. Meth., 174, 249-
257, 1994), anti-chemokine receptor antibody (Wu et al., J.
Exp. Med., 186, 1373-1381, 1997) and the like. Examples of
the antibody which recognizes a circulatory organ disease-
related antigen include anti-GplIb/IIla antibody (Co et al., J.
Immunol., 152, 2968-2976, 1994), anti-platelet-derived
growth factor antibody (Ferns et al., Science, 253, 1129-1132,
1991), anti-platelet-derived growth factor receptor antibody
(Shulman et al., J. Biol. Chem., 272, 17400-17404, 1997) and
anti-blood coagulation factor antibody (Peter et al., Circula-
tion, 101, 1158-1164, 2000) and the like.

Examples of the antibody which recognizes a viral or bac-
terial infection-related antigen include anti-gp120 antibody
(Tugarinov et al., Structure, 8, 385-395, 2000), anti-CD4
antibody (Schulze-Koops et al., J. Rheumatology, 25, 2065-
2076, 1998), anti-CCR4 antibody and anti-Vero toxin anti-
body (Karnali et al., J. Clin. Microbiol., 37,396-399, 1999)
and the like.

These antibodies can be obtained from public organiza-
tions such as ATCC (The American Type Culture Collection),
RIKEN Gene Bank at The Institute of Physical and Chemical
Research, National Institute of Bioscience and Human Tech-
nology, Agency of Industrial Science and Technology
(present name, International Patent Organism Depositary,
National Institute of Advanced Industrial Science and Tech-
nology) and the like, or private reagent sales companies such
as Dainippon Pharmaceutical, R & D SYSTEMS, PharMin-
gen, Cosmo Bio, Funakoshi and the like.

The medicament comprising the antibody composition of
the present invention can be administered as a therapeutic
agent alone, but generally, it is preferable to provide it as a
pharmaceutical formulation produced by an appropriate
method well known in the technical field of manufacturing
pharmacy, by mixing it with at least one pharmaceutically
acceptable carrier.

It is desirable to select a route of administration which is
most effective in treatment. Examples include oral adminis-
tration and parenteral administration, such as buccal, tra-
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cheal, rectal, subcutaneous, intramuscular, intravenous or the
like. In an antibody preparation, intravenous administration is
preferable.

The dosage form includes sprays, capsules, tablets, gran-
ules, syrups, emulsions, suppositories, injections, ointments,
tapes and the like.

Examples of the pharmaceutical preparation suitable for
oral administration include emulsions, syrups, capsules, tab-
lets, powders, granules and the like.

Liquid preparations, such as emulsions and syrups, can be
produced using, as additives, water; saccharides, such as
sucrose, sorbitol, fructose, etc.; glycols, such as polyethylene
glycol, propylene glycol, etc.; oils, such as sesame oil, olive
oil, soybean oil, etc.; antiseptics, such as p-hydroxybenzoic
acid esters, etc.; flavors, such as strawberry flavor, pepper-
mint, etc.; and the like.

Capsules, tablets, powders, granules and the like can be
produced using, as additive, fillers, such as lactose, glucose,
sucrose, mannitol, etc.; disintegrating agents, such as starch,
sodium alginate, etc.; lubricants, such as magnesium stearate,
talc, etc.; binders, such as polyvinyl alcohol, hydroxypropy-
Icellulose, gelatin, etc.; surfactants, such as fatty acid ester,
etc.; plasticizers, such as glycerine, etc.; and the like.

Examples of the pharmaceutical preparation suitable for
parenteral administration include injections, suppositories,
sprays and the like.

Injections may be prepared using a carrier, such as a salt
solution, a glucose solution, a mixture of both thereof or the
like. Also, powdered injections can be prepared by freeze-
drying the antibody composition in the usual way and adding
sodium chloride thereto.

Suppositories may be prepared using a carrier such as
cacao butter, hydrogenated fat, carboxylic acid or the like.

Also, sprays may be prepared using the antibody compo-
sition as such or using a carrier which does not stimulate the
buccal or airway mucous membrane of the patient and can
facilitate absorption of the antibody composition by dispers-
ing it as fine particles.

Examples of the carrier include lactose, glycerol and the
like. Depending on the properties of the antibody composi-
tion and the carrier, it is possible to produce pharmaceutical
preparations such as aerosols, dry powders and the like. In
addition, the components exemplified as additives for oral
preparations can also be added to the parenteral preparations.

Although the clinical dose or the frequency of administra-
tion varies depending on the objective therapeutic effect,
administration method, treating period, age, body weight and
the like, it is usually 10 pg/kg to 20 mg/kg per day and per
adult.

Also, as the method for examining antitumor effect of the
antibody composition against various tumor cells, in vitro
tests include CDC activity measuring method, ADCC activity
measuring method and the like, and in vivo tests include
antitumor experiments using a tumor system in an experimen-
tal animal such as a mouse, etc. and the like.

CDC activity and ADCC activity measurements and anti-
tumor experiments can be carried out in accordance with the
methods described in Cancer Immunology Immunotherapy,
36, 373 (1993); Cancer Research, 54, 1511 (1994) and the
like.

The present invention will be described below in detail
based on Examples; however, Examples are only simple illus-
trations, and the scope of the present invention is not limited
thereto.
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Example 1

Production of Anti-Ganglioside GD3 Human
Chimeric Antibody

1. Construction of Tandem Expression Vector pChiL HGM4
for Anti-Ganglioside GD3 Human Chimeric Antibody

A plasmid pChi6411.GM40 was constructed by ligating a
fragment of about 4.03 kb containing an L. chain cDNA,
obtained by digesting an [ chain expression vector,
pChi641L.GM4 [J. Immunol. Methods, 167, 271 (1994)] for
anti-ganglioside GD3 human chimeric antibody (hereinafter
referred to as “anti-GD3 chimeric antibody”) with restriction
enzymes Mlul (manufactured by Takara Shuzo) and Sall
(manufactured by Takara Shuzo) with a fragment of about
3.40 kb containing a G418-resistant gene and a splicing sig-
nal, obtained by digesting an expression vector pAGE107
[Cytotechnology, 3, 133 (1990)] for animal cell with restric-
tion enzymes MIul (manufactured by Takara Shuzo) and Sall
(manufactured by Takara Shuzo) using DNA Ligation Kit
(manufactured by Takara Shuzo), and then transforming .
coli HB101 (Molecular Cloning, Second Edition) with the
ligated product.

Next, a fragment of about 5.68 kb containing an L chain
cDNA, obtained by digesting the constructed plasmid
pChi6411L.GM40 with a restriction enzyme Clal (manufac-
tured by Takara Shuzo), blunt-terminating it using DNA
Blunting Kit (manufactured by Takara Shuzo) and further
digesting it with Mlul (manufactured by Takara Shuzo), was
ligated with a fragment of about 8.40 kb containing an H
chain cDNA, obtained by digesting an anti-GD3 chimeric
antibody H chain expression vector, pChi641HGM4 /J.
Immunol. Methods, 167, 271 (1994)] with a restriction
enzyme, Xhol (manufactured by Takara Shuzo), blunt-termi-
nating it using DNA Blunting Kit (manufactured by Takara
Shuzo) and further digesting it with Mlul (manufactured by
Takara Shuzo), using DNA Ligation Kit (manufactured by
Takara Shuzo), and then E. coli HB101 (Molecular Cloning,
Second Edition) was transformed with the ligated product to
thereby construct a tandem  expression vector
pChi641LHGM4 for anti-GD3 chimeric antibody.

2. Preparation of Cells Stably Producing Anti-GD3 Chimeric
Antibody

Cells capable of stably producing an anti-GD3 chimeric
antibody were prepared using the tandem expression vector
pChi641LHGM4 for anti-GD3 chimeric antibody con-
structed in the item 1 of Example 1, as described below.

(1) Preparation of Antibody-Producing Cell Using Rat
Myeloma YB2/0 Cell

After introducing 5 pg of the anti-GD3 chimeric antibody
expression vector pChi641LHGM4 into 4x10° cells of rat
myeloma YB2/0 [ATCC CRL-1662, I. V. Kilmarin et al., J.
Cell. Biol., 93,576-582 (1982)] by electroporation [ Cytotech-
nology, 3, 133 (1990)], the cells were suspended in 40 ml of
RPMI1640-FBS(10) (RPMI1640 medium comprising 10%
FBS (manufactured by GIBCO BRL)) and dispensed in 200
wl/well into a 96 well culture plate (manufactured by Sumi-
tomo Bakelite). After culturing them at 37° C. for 24 hours in
a 5% CO, incubator, G418 was added to a concentration of
0.5 mg/ml, followed by culturing for 1 to 2 weeks. The culture
supernatant was recovered from wells in which colonies of
transformants showing G418 resistance were formed and
growth of colonies was observed, and the antigen binding
activity of the anti-GD3 chimeric antibody in the supernatant
was measured by the ELISA shown in the item 3 of
Example 1.
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Regarding the transformants in wells in which production
of the anti-GD3 chimeric antibody was observed in culture
supernatants, in order to increase the amount of the antibody
production using a DHFR gene amplification system, each of
them was suspended in the RPMI1640-FBS(10) medium
comprising 0.5 mg/ml G418 and 50 nM DHFR inhibitor,
methotrexate (hereinafter referred to as “MTX”; manufac-
tured by SIGMA) to give a density of 1 to 2x10° cells/ml, and
the suspension was dispensed in 2 ml into wells of a 24 well
plate (manufactured by Greiner). Transformants showing 50
nM MTX resistance were induced by culturing at 37° C. for 1
to 2 weeks in a 5% CO, incubator. The antigen binding
activity of the anti-GD3 chimeric antibody in culture super-
natants in wells in which growth of transformants was
observed was measured by the ELISA shown in the item 3 of
Example 1. Regarding the transformants in wells in which
production of the anti-GD3 chimeric antibody was observed
in culture supernatants, the MTX concentration was
increased to 100 nM and then to 200 nM, and transformants
capable of growing in the RPMI1640-FBS(10) medium com-
prising 0.5 mg/ml G418 and 200 nM MTX and of producing
the anti-GD3 chimeric antibody in a large amount were
finally obtained by the same method as described above.
Among the obtained transformants, suitable cell lines were
selected and were made into a single cell (cloning) by limiting
dilution twice. Also, using the method for determining the
transcription product of an a-1,6-fucosyltransferase gene
shown in Example 9, a cell line producing a relatively small
amount of the transcription product was selected and used as
a suitable cell line.

The obtained anti-GD3 chimeric antibody-producing
transformed cell clone 7-9-51 has been deposited on Apr. 5,
1999, as FERM BP-6691 in National Institute of Bioscience
and Human Technology, Agency of Industrial Science and
Technology (Higashi 1-1-3, Tsukuba, Ibaraki, Japan)
(present name: International Patent Organism Depositary,
National Institute of Advanced Industrial Science and Tech-
nology (AIST Tsukuba Central 6, 1-1, Higashi 1-Chome
Tsukuba-shi, Ibaraki-ken, Japan)).

(2) Preparation of Antibody-Producing Cell Using CHO/
DG44 Cell

After introducing 4 pg of the anti-GD3 chimeric antibody
expression vector, pChi641LHGM4, into 1.6x10° cells of
CHO/DG44 |G. Urlaub and L. A. Chasin, Proc. Natl. Acad.
Sci. USA, 77, 4216-4220 (1980)] by electroporation [Cyto-
technology, 3,133 (1990)], the cells were suspended in 10 ml
of IMDM-FBS(10) [IMDM medium comprising 10% FBS
and 1x concentration of HT supplement (manufactured by
GIBCO BRL)] and dispensed in 200 pl/well into a 96 well
culture plate (manufactured by Iwaki Glass). After culturing
them at 37° C. for 24 hours in a 5% CO, incubator, G418 was
added to give a concentration of 0.5 mg/ml, followed by
culturing for 1 to 2 weeks. The culture supernatant was recov-
ered from wells in which colonies of transformants showing
(G418 resistance were formed and growth of colonies was
observed, and the antigen binding activity of the anti-GD3
chimeric antibody in the supernatant was measured by the
ELISA shown in the item 3 of Example 1.

Regarding the transformants in wells in which production
of the anti-GD3 chimeric antibody was observed in culture
supernatants, in order to increase the amount of the antibody
production using a DHFR gene amplification system, each of
them was suspended in an IMDM-dFBS(10) medium
[IMDM medium comprising 10% dialyzed fetal bovine
serum (hereinafter referred to as “dFBS”; manufactured by
GIBCO BRL)] comprising 0.5 mg/ml G418 and 10 nM MTX
to give a density of 1 to 2x10° cells/ml, and the suspension
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was dispensed in 0.5 ml into wells of a 24 well plate (manu-
factured by Iwaki Glass). Transformants showing 10 nM
MTX resistance were induced by culturing at 37° C. for 1 to
2 weeks in a 5% CO, incubator. Regarding the transformants
in wells in which their growth was observed, the MTX con-
centration was increased to 100 nM, and transformants
capable of growing in the IMDM-dFBS(10) medium com-
prising 0.5 mg/ml G418 and 100 nM MTX and of producing
the anti-GD3 chimeric antibody in a large amount were
finally obtained by the same method as described above.
Among the obtained transformants, suitable cell lines were
selected and were made into a single cell (cloning) by limiting
dilution twice. Also, using the method for determining the
transcription product of an a-1,6-fucosyltransferase gene
shown in Example 9, a cell line producing a relatively small
amount of the transcription product was selected and used as
a suitable cell line.

(3) Preparation of Antibody-Producing Cell Using Mouse
Myeloma NSO Cell

After introducing 5 pg of the anti-GD3 chimeric antibody
expression vector pChi641LHGM4 into 4x10° cells of mouse
myeloma NSO by electroporation [Cytotechnology, 3, 133
(1990)], the cells were suspended in 40 ml of EX-CELIL302-
FBS(10) (EX-CELL302 medium comprising 10% FBS and 2
mM L-glutamine [hereinafter referred to as “L-Gln”; manu-
factured by GIBCO BRL)]| and dispensed in 200 pl/well into
a 96 well culture plate (manufactured by Sumitomo Bakelite).
After culturing them at 37° C. for 24 hours in a 5% CO,
incubator, G418 was added to give a concentration of 0.5
mg/ml, followed by culturing for 1 to 2 weeks. The culture
supernatant was recovered from wells in which colonies of
transformants showing G418 resistance were formed and
growth of colonies was observed, and the antigen binding
activity of the anti-GD3 chimeric antibody in the supernatant
was measured by the ELISA shown in the item 3 of Example
1.

Regarding the transformants in wells in which production
of the anti-GD3 chimeric antibody was observed in culture
supernatants, in order to increase the amount of the antibody
production using a DHFR gene amplification system, each of
them was suspended in an EX-CELL302-dFBS(10) medium
(EX-CELL302 medium comprising 10% dFBS and 2 mM
L-Gln) comprising 0.5 mg/ml G418 and 50 nM MTX to give
a density of 1 to 2x10° cells/ml, and the suspension was
dispensed in 2 ml into wells of a 24 well plate (manufactured
by Greiner). Transformants showing 50 nM MTX resistance
were induced by culturing at 37° C. for 1 to 2 weeks ina 5%
CO, incubator. The antigen binding activity of the anti-GD3
chimeric antibody in culture supernatants in wells in which
growth of transformants was observed was measured by the
ELISA shown in the item 3 of Example 1. Regarding the
transformants in wells in which production of the anti-GD3
chimeric antibody was observed in culture supernatants, the
MTX concentration was increased to 100 nM and then to 200
nM, and ftransformants capable of growing in the
EX-CELL302-dFBS(10) medium comprising 0.5 mg/ml
G418 and 200 nM MTX and of producing the anti-GD3
chimeric antibody in a large amount was finally obtained by
the same method as described above. Among the obtained
transformants, elite cell lines were selected and were made
into a single cell (cloning) by limiting dilution twice. Also,
using the method for determining the transcription product of
an a-1,6-fucosyltransferase gene shown in Example 9, a cell
line producing a relatively small amount of the transcription
product was selected and used as a suitable cell line.
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3. Measurement of Binding Activity of Antibody to GD3
(ELISA)

The binding activity of the antibody to GD3 was measured
as described below.

In 2 ml of ethanol solution containing 10 ng of dipalmi-
toylphosphatidylcholine (manufactured by SIGMA) and 5 ug
of cholesterol (manufactured by SIGMA), 4 nmol of GD3
was dissolved. Into each well of a 96 well plate for ELISA
(manufactured by Greiner), 20 ul of the solution (40 pmol/
well in final concentration) was dispensed, followed by air-
drying, 1% bovine serum albumin (hereinafter referred to as
“BSA”; manufactured by SIGMA)—containing PBS (here-
inafter referred to as “1% BSA-PBS”) was dispensed in 100
ul/well, and then the reaction was carried out at room tem-
perature for 1 hour for blocking remaining active groups.
After discarding 1% BSA-PBS, a culture supernatant of a
transformant or a diluted solution of a human chimeric anti-
body was dispensed in 50 pl/well to carry out the reaction at
room temperature for 1 hour. After the reaction, each well was
washed with 0.05% Tween 20 (manufactured by Wako Pure
Chemical Industries)—containing PBS (hereinafter referred
to as “Tween-PBS”), a peroxidase-labeled goat anti-human
IgG (H & L) antibody solution (manufactured by American
Qualex) diluted 3,000 times with 1% BSA-PBS was dis-
pensed in 50 pl/well as a secondary antibody solution, and
then the reaction was carried out at room temperature for 1
hour. After the reaction and subsequent washing with Tween-
PBS, ABTS substrate solution [solution prepared by dissolv-
ing 0.55 g of 2,2'-azino-bis(3-ethylbenzothiazoline-6-sul-
fonic acid) ammonium salt in 1 liter of 0.1 M citrate buffer
(pH 4.2) and adding 1 pl/ml of hydrogen peroxide to the
solution just before use (hereinafter the same solution was
used)] was dispensed in 50 pl/well for color development, and
then absorbance at 415 nm (hereinafter referred to as
“0D415”) was measured.

4. Purification of Anti-GD3 Chimeric Antibody
(1) Culturing of Antibody-Producing Cell Derived from
YB2/0 Cell and Purification of Antibody

The anti-GD3 chimeric antibody-producing transformed
cell clone obtained in the item 2(1) of Example 1 was sus-
pended in the Hybridoma-SFM medium comprising 0.2%
BSA, 200 nM MTX and 100 nM triiodothyronine (hereinafter
referred to as “T3”; manufactured by SIGMA) to give a
density of 3x10° cells/ml and cultured using a 2.0 liter capac-
ity spinner bottle (manufactured by Iwaki Glass) under agi-
tating at a rate of 50 rpm. After culturing them at 37° C. for 10
days in a temperature-controlling room, the culture superna-
tant was recovered. The anti-GD3 chimeric antibody was
purified from the culture supernatant using a Prosep-A
(manufactured by Bioprocessing) column in accordance with
the manufacture’s instructions. The purified anti-GD3 chi-
meric antibody was named YB2/0-GD3 chimeric antibody.
(2) Culturing of Antibody-Producing Cell Derived from
CHO/DG44 Cell and Purification of Antibody

The anti-GD3 chimeric antibody-producing transformed
cell clone obtained in the item 2(2) of Example 1 was sus-
pended in the EX-CELL302 medium comprising 3 mM
L-Gln, 0.5% fatty acid concentrated solution (hereinafter
referred to as “CDLC”; manufactured by GIBCO BRL) and
0.3% Pluronic F68 (hereinafter referred to as “PF68”; manu-
factured by GIBCO BRL) to give a density of 1x10° cells/ml,
and the suspension was dispensed in 50 ml into 175 mm?>
flasks (manufactured by Greiner). After culturing them at 37°
C. for 4 days in a 5% CO, incubator, the culture supernatant
was recovered. The anti-GD3 chimeric antibody was purified
from the culture supernatant using a Prosep-A (manufactured
by Bioprocessing) column in accordance with the manufac-
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ture’s instructions. The purified anti-GD3 chimeric antibody
was named CHO/DG44-GD3 chimeric antibody.
(3) Culturing of Antibody-Producing Cell Derived from NSO
Cell and Purification of Antibody

The anti-GD3 chimeric antibody-producing transformed
cell clone obtained in the item 2(3) of Example 1 was sus-
pended in the EX-CELL302 medium comprising 2 mM
L-Gln, 0.5 mg/ml G418, 200 nM MTX and 1% FBS, to give
adensity of 1x10° cells/ml, and the suspension was dispensed
in 200 ml into 175 mm?® flasks (manufactured by Greiner).
After culturing them at 37° C. for 4 days in a 5% CO, incu-
bator, the culture supernatant was recovered. The anti-GD3
chimeric antibody was purified from the culture supernatant
using a Prosep-A (manufactured by Bioprocessing) column
in accordance with the manufacture’s instructions. The puri-
fied anti-GD3 chimeric antibody was named NS0-GD3 chi-
meric antibody (302).

Also, the transformed cell clone was suspended in the GIT
medium comprising 0.5 mg/ml G418 and 200 nM MTX to
give a density of 3x10° cells/ml, and the suspension was
dispensed in 200 ml into 175 mm? flasks (manufactured by
Greiner). After culturing them at 37° C. for 10 days in a 5%
CO, incubator, the culture supernatant was recovered. The
anti-GD3 chimeric antibody was purified from the culture
supernatant using a Prosep-A (manufactured by Bioprocess-
ing) column in accordance with the manufacture’s instruc-
tions. The purified anti-GD3 chimeric antibody was named
NSO0-GD3 chimeric antibody (GIT).

(4) Culturing of Antibody-Producing Cell Derived from
SP2/0 Cell and Purification of Antibody

The anti-GD3 chimeric antibody-producing transformed
cell clone (KM-871 (FERM BP-3512)) described in Japanese
Published Unexamined Patent Application No. 304989/93
(EP 533199) was suspended in the GIT medium comprising
0.5 mg/ml G418 and 200 nM MTX to give a density of 3x10°
cells/ml, and the suspension was dispensed in 200 ml into 175
mm? flasks (manufactured by Greiner). After culturing them
at 37° C. for 8 days in a 5% CO, incubator, the culture
supernatant was recovered. The anti-GD3 chimeric antibody
was purified from the culture supernatant using a Prosep-A
(manufactured by Bioprocessing) column in accordance with
the manufacture’s instructions. The purified anti-GD3 chi-
meric antibody was named SP2/0-GD3 chimeric antibody.
5. Analysis of Purified Anti-GD3 Chimeric Antibody

In accordance with a known method [Nature, 227, 680
(1970)], 4 ng of each of the five kinds of the anti-GD3 chi-
meric antibodies produced by and purified from respective
animal cells, obtained in the item 4 of Example 1, was sub-
jected to SDS-PAGE to analyze the molecular weight and
purification degree. The results are shown in FIG. 1. As shown
in FIG. 1, a single band of about 150 kilodaltons (hereinafter
referred to as “Kd”) in molecular weight was found under
non-reducing conditions, and two bands of about 50 Kd and
about 25 Kd under reducing conditions, in each of the purified
anti-GD3 chimeric antibodies. The molecular weights almost
coincided with the molecular weights deduced from the
c¢DNA nucleotide sequences of H chain and L chain of the
antibody (H chain: about 49 Kd, L chain: about 23 Kd, whole
molecule: about 144 Kd), and also coincided with the reports
stating that the IgG antibody has a molecular weight of about
150 Kd under non-reducing conditions and is degraded into H
chains having a molecular weight of about 50 Kd and L chains
having a molecular weight of about 25 Kd under reducing
conditions due to cutting of the disulfide bond (hereinafter
referred to as “S—S bond”) in the molecule [4ntibodies: A
Laboratory Manual, Cold Spring Harbor Laboratory, Chap-
ter 14 (1998); Monoclonal Antibodies: Principles and Prac-
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tice, Academic Press Limited (1996)], so that it was con-
firmed that each anti-GD3 chimeric antibody was expressed
and purified as an antibody molecule having the true struc-
ture.

Example 2
Activity Evaluation of Anti-GD3 Chimeric Antibody

1. Binding Activity of Anti-GD3 Chimeric Antibody to GD3
(ELISA)

The activity of the five kinds of the purified anti-GD3
chimeric antibodies obtained in the item 4 of Example 1 to
bind to GD3 (manufactured by Snow Brand Milk Products)
was measured by the ELISA shown in the item 3 of Example
1. FIG. 2 shows a result of the examination of the binding
activity measured by changing the concentration of the anti-
GD3 chimeric antibody to be added. As shown in FIG. 2, the
five kinds of the anti-GD3 chimeric antibodies showed almost
the same binding activity to GD3. The result shows that
antigen binding activities of these antibodies are constant
independently of the antibody-producing animal cells and
their culturing methods. Also, it was suggested from the com-
parison of the NSO-GD3 chimeric antibody (302) with the
NS0-GD3 chimeric antibody (GIT) that the antigen binding
activities are constant independently of the media used in the
culturing.

2. In Vitro Cytotoxic Activity (ADCC Activity) of Anti-GD3
Chimeric Antibody

In order to evaluate in vitro cytotoxic activity of the five
kinds of the purified anti-GD3 chimeric antibodies obtained
in the item 4 of Example 1, the ADCC activity was measured
in accordance with the following method.

(1) Preparation of Target Cell Solution

A human melanoma cultured cell line G-361 (ATCC CRL
1424) was cultured using the RPMI1640-FBS(10) medium to
prepare 1x10° cells, and the cells were radioisotope-labeled
by reacting them with 3.7 MBq equivalents of a radioactive
substance Na,>'CrQ, at 37° C. for 1 hour. After the reaction,
the cells were washed three times through their suspension in
the RPMI1640-FBS(10) medium and centrifugation, re-sus-
pended in the medium and then incubated at 4° C. for 30
minutes in ice for spontaneous dissolution of the radioactive
substance. After centrifugation, the precipitate was adjusted
to 2x10° cells/ml by adding 5 ml of the RPMI1640-FBS(10)
medium and used as the target cell solution.

(2) Preparation of Effector Cell Solution

From a healthy person, 50 ml of venous blood was col-
lected, and gently mixed with 0.5 ml of heparin sodium
(manufactured by Takeda Pharmaceutical). The mixture was
centrifuged to isolate a mononuclear cell layer using Lym-
phoprep (manufactured by Nycomed Pharma AS) in accor-
dance with the manufacture’s instructions. After washing
withthe RPMI1640-FBS(10) medium by centrifugation three
times, the resulting precipitate was re-suspended to give a
density of 2x10° cells/ml using the medium and used as the
effector cell solution.

(3) Measurement of ADCC Activity

Into each well of a 96 well U-shaped bottom plate (manu-
factured by Falcon), 50 pl of the target cell solution prepared
in the above (1) (1x10* cells/well) was dispensed. Next, 100
ul of the effector cell solution prepared in the above (2) was
added thereto (2x10° cells/well, the ratio of effector cells to
target cells becomes 20:1). Subsequently, each of the anti-
GD3 chimeric antibodies was added to give a final concen-
tration from 0.0025 to 2.5 ng/ml, followed by reaction at 37°
C. for 4 hours. After the reaction, the plate was centrifuged,
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and the amount of >* Cr in the supernatant was measured using
a y-counter. The amount of spontaneously released *'Cr was
calculated by the same operation using only the medium
instead of the effector cell solution and the antibody solution,
and measuring the amount of >*Cr in the supernatant. The
amount of total released *'Cr was calculated by the same
operation using only the medium instead of the antibody
solution and adding 1 N hydrochloric acid instead of the
effector cell solution, and measuring the amount of >*Crin the
supernatant. The ADCC activity was calculated from the
following equation (I):

ADCC activity (%) = iy)

SLCr in sample supernatant —

spontaneously released 3! Cr
x 100

total released 5! Cr — spontaneously released 5! Cr

Theresults are shownin FIG. 3. As shown in FIG. 3, among
the five kinds of the anti-GD3 chimeric antibodies, the YB2/
0-GD3 chimeric antibody showed the most potent ADCC
activity, followed by the SP2/0-GD3 chimeric antibody, NSO-
GD3 chimeric antibody and CHO-GD3 chimeric antibody in
that order. No difference in the ADCC activity was found
between the NSO-GD3 chimeric antibody (302) and NSO-
GD3 chimeric antibody (GIT) prepared using different media
in the culturing. The above results show that the ADCC activ-
ity of antibodies greatly varies depending on the kind of the
animal cells to be used in their production. As its mechanism,
since their antigen binding activities were identical, it was
considered that it is caused by a difference in the structure
binding to the antibody Fc region.

Example 3

Preparation of Anti-Human Interleukin 5 Receptor o
Chain Human CDR-Grafted Antibody

1. Preparation of Cell Stably Producing Anti-Human Inter-
leukin 5 Receptor o Chain Human CDR-Grafted Antibody
(1) Preparation of Antibody-Producing Cell Using Rat
Myeloma YB2/0 Cell

Using the anti-human interleukin 5 receptor o chain human
CDR-grafted antibody (hereinafter referred to as “anti-hIL.-
SRa CDR-grafted antibody”) expression vector,
pKANTEX1259HV3LVO, described in WO 97/10354, cells
capable of stably producing anti-hIL.-5SRa CDR-grafted anti-
body were prepared as described below.

After introducing 5 pg of the anti-hILL.-5SRa. CDR-grafted
antibody expression vector pKANTEX1259HV3LVO into
4x10° cells of rat myeloma YB2/0 by electroporation [Cyto-
technology, 3,133 (1990)], the cells were suspended in 40 ml
of RPMI1640-FBS(10) and dispensed in 200 pl/well into a 96
well culture plate (manufactured by Sumitomo Bakelite).
After culturing them at 37° C. for 24 hours in a 5% CO,
incubator, G418 was added to give a concentration of 0.5
mg/ml, followed by culturing for 1 to 2 weeks. The culture
supernatant was recovered from wells in which colonies of
transformants showing G418 resistance were formed and
growth of colonies was observed, and the antigen binding
activity of the anti-hIL-SRa. CDR-grafted antibody in the
supernatant was measured by the ELISA shown in the item 2
of Example 3.

Regarding the transformants in wells in which production
of the anti-hII.-SRa. CDR-grafted antibody was observed in
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culture supernatants, in order to increase amount of the anti-
body production using a DHFR gene amplification system,
each of the them was suspended in the RPMI1640-FBS(10)
medium comprising 0.5 mg/ml G418 and 50 nM MTX to give
a density of 1 to 2x10° cells/ml, and the suspension was
dispensed in 2 ml into wells of a 24 well plate (manufactured
by Greiner). Transformants showing 50 nM MTX resistance
were induced by culturing at 37° C. for 1 to 2 weeks ina 5%
CO, incubator. The antigen binding activity of the anti-hIL-
SRa CDR-grafted antibody in culture supernatants in wells in
which growth of transformants was observed was measured
by the ELISA shown in the item 2 of Example 3. Regarding
the transformants in wells in which production of the anti-
hIL-5Ra. CDR-grafted antibody was observed in culture
supernatants, the MTX concentration was increased to 100
nM and then to 200 nM, and transformants capable of grow-
ing in the RPMI1640-FBS(10) medium comprising 0.5
mg/ml G418 and 200 nM MTX and of producing the anti-
hIL-5Ra. CDR-grafted antibody in a large amount were
finally obtained in the same manner as described above.
Among the obtained transformants, elite cell lines were
selected and were made into a single cell (cloning) by limiting
dilution twice. Also, using the method for determining the
transcription product of an a-1,6-fucosyltransferase gene
shown in Example 9, a cell line producing a relatively small
amount of the transcription product was selected and used as
a suitable cell line. The obtained anti-hI.-5Ra. CDR-grafted
antibody-producing transformed cell clone No. 3 has been
deposited on Apr. 5, 1999, as FERM BP-6690 in National
Institute of Bioscience and Human Technology, Agency of
Industrial Science and Technology (Higashi 1-1-3, Tsukuba,
Ibaraki, Japan) (present name: International Patent Organism
Depositary, National Institute of Advanced Industrial Science
and Technology (AIST Tsukuba Central 6, 1-1, Higashi
1-Chome Tsukuba-shi, Ibaraki-ken, Japan)).

(2) Preparation of Antibody-Producing Cell Using CHO/
dhfr~ Cell

After introducing 4 pg of the anti-hIL.-SRa CDR-grafted
antibody expression vector pKANTEX1259HV3LVO
described in WO 97/10354 into 1.6x106 cells of CHO/dhfr~
by electroporation [Cytotechnology, 3, 133 (1990)], the cells
were suspended in 10 ml of IMDM-FBS(10) and dispensed in
200 pl/well into a 96 well culture plate (manufactured by
Iwaki Glass). After culturing them at 37° C. for 24 hours in a
5% CO, incubator, G418 was added to give a concentration of
0.5 mg/ml, followed by culturing for 1 to 2 weeks. The culture
supernatant was recovered from respective well in which
colonies of transformants showing G418 resistance were
formed and growth of colonies was observed, and the antigen
binding activity of the anti-hI[.-SRa. CDR-grafted antibody
in the supernatant was measured by the ELISA shown in the
item 2 of Example 3.

Regarding the transformants in wells in which production
of the anti-hI[.-SRa. CDR-grafted antibody was observed in
culture supernatants, in order to increase amount of the anti-
body production using a DHFR gene amplification system,
each of the transformants was suspended in an IMDM-dFBS
(10) medium comprising 0.5 mg/ml G418 and 10 nM MTX to
give a density of 1 to 2x10° cells/ml, and the suspension was
dispensed in 0.5 ml into wells of a 24 well plate (manufac-
tured by Iwaki Glass). Transformants showing 10 nM MTX
resistance were induced by culturing at 37° C. for 1 to 2 weeks
in a 5% CO, incubator. Regarding the transformants in wells
in which their growth was observed, the MTX concentration
was increased to 100 nM and then to 500 nM, and transfor-
mants capable of growing in the IMDM-dFBS(10) medium
comprising 0.5 mg/ml G418 and 500 nM MTX and of pro-
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ducing the anti-hIL.-5Ro. CDR-grafted antibody in a large
amount were finally obtained in the same manner as
described above. Among the obtained transformants, elite
cell lines were selected and were made into a single cell
(cloning) by limiting dilution twice. Also, using the method
for determining the transcription product of an a-1,6-fuco-
syltransferase gene shown in Example 9, a cell line producing
a relatively small amount of the transcription product was
selected and used as a suitable cell line.

(3) Production of Antibody-Producing Cell Using Mouse
Myeloma NSO Cell

An anti-hIL-5Ra CDR-grafted antibody expression vector
was prepared in accordance with the method of Yarranton et
al. [BIO/TECHNOLOGY, 10, 169 (1992)] and using the anti-
body H chain ¢cDNA and L chain cDNA on the anti-hI[.-5Ra
CDR-grafted antibody expression vector
pKANTEX1259HV3LVO0 described in WO 97/10354, and
NSO cell was transformed to obtain transformants capable of
producing the anti-hIL-5Ra CDR-grafted antibody in a large
amount. Among the obtained transformants, elite cell lines
were selected and were made into a single cell (cloning) by
limiting dilution twice. Also, using the method for determin-
ing the transcription production of an a-1,6-fucosyltrans-
ferase gene shown in Example 9, a cell line producing a
relatively small amount of the transcription product was
selected and used as a suitable cell line.

2. Measurement of Binding Activity of Antibody to hIL-5Ra
(ELISA)

The binding activity of the antibody to hI.-5Rc was mea-
sured as described below.

A solution was prepared by diluting the anti-hIL-5Ra
mouse antibody KM1257 described in WO 97/10354 with
PBS to give a concentration of 10 ng/ml, and 50 pl of the
resulting solution was dispensed into each well of a 96 well
plate for ELISA (manufactured by Greiner), followed by
reaction at 4° C. for 20 hours. After the reaction, 1% BSA-
PBS was dispensed in 100 pl/well, and then the reaction was
carried out at room temperature for 1 hour to block remaining
active groups. After discarding 1% BSA-PBS, a solution pre-
pared by diluting the soluble hIL-5Ra described in WO
97/10354 with 1% BSA-PBS to give a concentration of 0.5
ng/ml was dispensed in 50 pl/well, followed by reaction at 4°
C. for 20 hours. After the reaction, each well was washed with
Tween-PBS, culture supernatants of transformants or diluted
solutions of a purified human CDR-grafted antibodies were
dispensed in 50 pg/well to carry out the reaction at room
temperature for 2 hours. After the reaction, each well was
washed with Tween-PBS, a peroxidase-labeled goat anti-hu-
man IgG (H & L) antibody solution (manufactured by Ameri-
can Qualex) diluted 3,000 times with 1% BSA-PBS was
dispensed in 50 pl/well as a secondary antibody solution,
followed by reaction at room temperature for 1 hour. After the
reaction and subsequent washing with Tween-PBS, the ABTS
substrate solution was dispensed in 50 pl/well for color devel-
opment, and then the absorbance at OD415 was measured.
3. Purification of Anti-hIL.-5SRa CDR-Grafted Antibody
(1) Culturing of Antibody-Producing Cell Derived from
YB2/0 Cell and Purification of Antibody

The anti-hIL-5Ra CDR-grafted antibody-producing trans-
formed cell clone obtained in the item 1(1) of Example 3 was
suspended in the GIT medium comprising 0.5 mg/ml G418
and 200 nM MTX to give a density of 3x10° cells/ml and
dispensed in 200 ml into 175 mm? flasks (manufactured by
Greiner). After culturing them at 37° C. for 8 days in a 5%
CO, incubator, the culture supernatant was recovered. The
anti-hIL-5SRa. CDR-grafted antibody was purified from the
culture supernatant using ion exchange chromatography and
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a gel filtration method. The purified anti-hIL.-5Ra. CDR-
grafted antibody was named YB2/0-hIL-5R CDR antibody.
(2) Culturing of Antibody-Producing Cell Derived from
CHO/dhfr™ Cell and Purification of Antibody

The anti-hIL-5Ra CDR-grafted antibody-producing trans-
formed cell clone obtained in the item 1(2) of Example 3 was
suspended in the EX-CELL302 medium comprising 3 mM
L-Gln, 0.5% CDLC and 0.3% PF68 to give a density of 3x10°
cells/ml and cultured using a 4.0 liter capacity spinner bottle
(manufactured by Iwaki Glass) under agitating at a rate of 100
rpm. After culturing them at 37° C. for 10 days in a tempera-
ture-controlling room, the culture supernatant was recovered.
The anti-hIl.-5Ra CDR-grafted antibody was purified from
the culture supernatant using ion exchange chromatography
and a gel filtration method. The purified anti-hIL-5Ra CDR-
grafted antibody was named CHO/d-hIL-5R CDR antibody.
(3) Culturing of Antibody-Producing Cell Derived from NSO
Cell and Purification of Antibody

The anti-hIL-5Ra CDR-grafted antibody-producing trans-
formed cell clone obtained in the item 1(3) of Example 3 was
cultured in accordance with the method of Yarranton et al.
[BIO/TECHNOLOGY, 10, 169 (1992)] and then a culture
supernatant was recovered. The anti-hI[.-5SRa CDR-grafted
antibody was purified from the culture supernatant using ion
exchange chromatography and the gel filtration method. The
purified anti-hI[.-SRa. CDR-grafted antibody was named
NSO-hIL-5R CDR antibody.
4. Analysis of Purified Anti-hIL-5Ra CDR-Grafted Antibod-
ies

In accordance with a known method [Nature, 227, 680
(1970)], 4 ng of each of the three kinds of the anti-hIL.-5Ra
CDR-grafted antibodies produced by and purified from each
animal cells, obtained in the item 3 of Example 3, was sub-
jected to SDS-PAGE to analyze the molecular weight and
purification degree. The results are shown in FIG. 4. As shown
in FIG. 4, a single band of about 150 Kd in molecular weight
was found under non-reducing conditions, and two bands of
about 50 Kd and about 25 Kd under reducing conditions, in
each of the purified anti-hI[.-SRa CDR-grafted antibodies.
The molecular weights almost coincided with the molecular
weights deduced from the cDNA nucleotide sequences of H
chain and LL chain of the antibody (H chain: about 49 Kd, L.
chain: about 23 Kd, whole molecule: about 144 Kd), and also
coincided with the reports stating that the IgG antibody has a
molecular weight of about 150 Kd under non-reducing con-
ditions and is degraded into H chains having a molecular
weight of about 50 Kd and L chains having a molecular
weight of about 25 Kd under reducing conditions due to
cutting of the S—S bond in the molecule [Antibodies: A
Laboratory Manual, Cold Spring Harbor Laboratory, Chap-
ter 14 (1998); Monoclonal Antibodies: Principles and Prac-
tice, Academic Press Limited (1996)], so that it was con-
firmed that each anti-hIL.-5Ra. CDR-grafted antibody was
expressed and purified as an antibody molecule having the
true structure.

Example 4

Activity Evaluation of Anti-hIL-5Ra CDR-Grafted
Antibody

1. Binding Activity of Anti-hIl.-5SRa CDR-Grafted Antibody
to hIL-5Ra (ELISA)

The activity of the three kinds of the purified anti-hIL-5Ra
CDR-grafted antibodies obtained in the item 3 of Example 3
to bind to hIL.-5Ra was measured by the ELISA shown in the
item 2 of Example 3. FIG. 5 shows a result of the examination
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of the binding activity measured by changing concentration
of the anti-hIL.-5Ra. CDR-grafted antibody to be added. As
shown in FIG. 5, the three kinds of the anti-hIL.-SRa CDR-
grafted antibodies showed almost the same binding activity to
hIL-5Rc.. The result shows that the antigen binding activities
of these antibodies are constant independently of the anti-
body-producing animal cells and their culturing methods,
similar to the result of the item 1 of Example 2.

2. In Vitro Cytotoxic Activity (ADCC Activity) of Anti-hIL.-
SRa CDR-Grafted Antibody

In order to evaluate in vitro cytotoxic activity of the three
kinds of the purified anti-hIL.-5Ra. CDR-grafted antibodies
obtained in the item 3 of Example 3, the ADCC activity was
measured in accordance with the following method.

(1) Preparation of Target Cell Solution

A mouse T cell line CTLL-2(h5R) expressing the hIL-5Ra
chain and f chain described in WO 97/10354 was cultured
using the RPMI1640-FBS(10) medium to give a density of
1x10°cells/0.5 ml, and the cells were radioisotope-labeled by
reacting them with 3.7 MBq equivalents of a radioactive
substance Na,>'CrO, at 37° C. for 1.5 hours. After the reac-
tion, the cells were washed three times through their suspen-
sion in the RPMI1640-FBS(10) medium and centrifugation,
resuspended in the medium and then incubated at 4° C. for 30
minutes in ice for spontaneous dissolution of the radioactive
substance. After the centrifugation, the precipitate was
adjusted to give a density of 2x10° cells/ml by adding 5 ml of
the RPMI1640-FBS(10) medium and used as the target cell
solution.

(2) Preparation of Effector Cell Solution

From a healthy person, 50 ml of venous blood was col-
lected and gently mixed with 0.5 ml of heparin sodium
(manufactured by Takeda Pharmaceutical). The mixture was
centrifuged to separate a mononuclear cell layer using Poly-
morphprep (manufactured by Nycomed Pharma AS) and in
accordance with the manufacture’s instructions. After wash-
ing with the RPMI11640-FBS(10) medium by centrifugation
three times, the resulting cells were resuspended to give a
density of 9x10° cells/ml using the medium and used as the
effector cell solution.

(3) Measurement of ADCC Activity

Into each well of a 96 well U-shaped bottom plate (manu-
factured by Falcon), 50 pl of the target cell solution prepared
in the above (1) (1x10* cells/well) was dispensed. Next, 100
ul of the effector cell solution prepared in the above (2) was
dispensed (9x10° cells/well, the ratio of effector cells to target
cells becomes 90:1). Subsequently, each of the anti-hIL-5Ra
CDR-grafted antibodies was added to give a final concentra-
tion 0f 0.001 to 0.1 pg/ml, followed by reaction at 37° C. for
4 hours. After the reaction, the plate was centrifuged, and the
amount of >'Cr in the supernatant was measured using a
y-counter. The amount of spontaneously released >'Cr was
calculated by the same operation using only the medium
instead of the effector cell solution and the antibody solution,
and measuring the amount of >'Cr in the supernatant. The
amount of total released >'Cr was calculated by the same
operation using only the medium instead of the antibody
solution and adding 1 N hydrochloric acid instead of the
effector cell solution, and measuring the amount of >*Cr in the
supernatant.

The ADCC activity was calculated from the above equa-
tion (II).

Theresults are shownin FIG. 6. As shown in FIG. 6, among
the three kinds of the anti-hIL.-5SRa CDR-grafted antibodies,
the YB2/0-hIL-5R CDR antibody showed the most potent
ADCC activity, followed by the CHO/d-hIL-5R CDR anti-
body and the NSO-hIL-5R CDR antibody in this order. Simi-



US 9,409,982 B2

69

lar to the result of the item 2 of Example 2, the above results
show that the ADCC activity of antibodies greatly varies
depending on the animal cells to be used in their production.
In addition, since the antibodies produced by the YB2/0 cell
showed the most potent ADCC activity in both cases of the
two kinds of the humanized antibodies, it was revealed that an
antibody having potent ADCC activity can be produced by
using the YB2/0 cell.

3.In Vivo Activity Evaluation of Anti-hIL-5Ra CDR-Grafted
Antibody

In order to evaluate in vivo activity of the three kinds of the
purified anti-hIl.-SRa. CDR-grafted antibodies obtained in
the item 3 of Example 3, the inhibition activity in an hIL-5-
induced eosinophilia increasing model of Macaca faseicu-
laris was examined in accordance with the following method.

The hIL-5 (preparation method is described in WO
97/10354) was administered to Macaca faseicularis under
the dorsal skin at a dose of 1 ug/kg, starting on the first day and
once a day for a total of 14 times. Each anti-hI.-5Ra. CDR-
grafted antibody was intravenously administered at a dose of
0.3 mg/kg one hour before the hIL-5 administration on the
day zero. An antibody-non-added group was used as the con-
trol. In the antibody-administered groups, three animals of
Macaca faseicularis were used in each group (No. 301, No.
302, No. 303, No. 401, No. 402, No. 403, No. 501, No. 502
and No. 503), and two animals (No. 101 and No. 102) were
used in the antibody-non-added group. Starting 7 days before
commencement of the administration and until 42 days after
the administration, about 1 ml of blood was periodically
collected from a saphena or a femoral vein, and the number of
eosinophils in 1 pl of peripheral blood was measured. The
results are shown in FIG. 7. As shown in FIG. 7, increase in
the blood eosinophil was completely inhibited in the group to
which the YB2/0-hIL-5R CDR antibody was administered.
On the other hand, complete inhibition activity was found in
one animal in the group to which the CHO/d-hIL-5R CDR
antibody was administered, but the inhibition activity was not
sufficient in two animals. In the group to which NSO-hIL-5R
CDR antibody was administered, complete inhibition activity
was not found and its effect was not sufficient.

The above results show that the in vivo activity of antibod-
ies greatly varies depending on the animal cells to be used in
their production. In addition, since a positive correlation was
found between the degree of the in vivo activity of the anti-
hIL-5Ra. CDR-grafted antibody and the degree of its ADCC
activity described in the item 2 of Example 4, it was indicated
that the degree of ADCC activity is remarkably important for
its activity expression.

Based on the above results, it is expected that an antibody
having potent ADCC activity is useful also in the clinical field
for various diseases in human.

Example 5

Analysis of Sugar Chain which Enhances ADCC
Activity

1. Preparation of 2-Aminopyridine-Labeled Sugar Chain
(PA-Treated Sugar Chain)

The humanized antibody of the present invention was acid-
hydrolyzed with hydrochloric acid to remove sialic acid.
After hydrochloric acid was completely removed, the sugar
chain was cleaved from the protein by hydrazinolysis
[Method of Enzymology, 83, 263 (1982)]. Hydrazine was
removed, and N-acetylation was carried out by adding an
aqueous ammonium acetate solution and acetic anhydride.
After lyophilizing, fluorescence labeling with 2-aminopyri-
dine was carried out [J. Biochem., 95, 197 (1984)]. The fluo-
rescence-labeled sugar chain (PA-treated sugar chain) was
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separated from impurity using Surperdex Peptide HR 10/30
Column (manufactured by Pharmacia). The sugar chain frac-
tion was dried using a centrifugal concentrator and used as a
purified PA-treated sugar chain.
2. Reverse Phase HPLC Analysis of PA-Treated Sugar Chain
of Purified Anti-hIL.-5Ra. CDR-Grafted Antibody
According to the method in the item 1 of Example 5,
various anti-hI[.-SRa. CDR-grafted antibodies produced in
Example 3 were subjected to PA-treated sugar chain treat-
ment, and reverse phase HPLC analysis was carried out by
CLC-ODS column (manufactured by Shimadzu). An excess
amount of a-L-fucosidase (derived from bovine kidney,
manufactured by SIGMA) was added to the PA-treated sugar
chain for digestion (37° C., 15 hours), and then the products
were analyzed by reverse phase HPLC (FIG. 8). It was con-
firmed that the asparagine-linked sugar chain is eluted for 30
minutes to 80 minute using PA-treated sugar chain standards
manufactured by Takara Shuzo. The ratio of sugar chains
whose reverse phase HPLC elution positions were shifted
(sugar chains eluted for 48 minutes to 78 minutes) by the
a-L-fucosidase digestion was calculated. The results are
shown in Table 1.

TABLE 1
Antibody- a-1,6-Fucose-linked
producing cell sugar chain (%)
YB2/0 47
NSO 73

About 47% of the anti-hI[.-5R CDR-grafted antibody pro-
duced by the YB2/0 cell and about 73% of the anti-hI[.-5R
CDR-grafted antibody produced by the NSO cell were sugar
chains in which 1-position of fucose is bound to 6-position of
N-acetylglucosamine in the reducing end through a-bond in
the N-glycoside-linked sugar chain (hereinafter referred to as
“sugar chain having a-1,6-fucose”). Thus, the ratio of sugar
chains in which 1-position of fucose is not bound to 6-posi-
tion of N-acetylglucosamine in the reducing end through
a-bond in the N-glycoside-linked sugar chain (hereinafter
referred to as “a.-1,6-fucose-free sugar chain”) is higher in the
antibody produced by the YB2/0 cell than in the antibody
produced by the NSO cell.

3. Analysis of Monosaccharide Composition of Purified Anti-
hIL-5Ra CDR-Grafted Antibody

Sugar chains of anti-hI[.-5Ra CDR-grafted antibodies
produced by the YB2/0 cell, NSO cell and CHO/d cell were
hydrolyzed into monosaccharides by acid hydrolysis with
trifluoroacetic acid, and monosaccharide composition analy-
sis was carried out using BioL.C (manufactured by Dionex).

Among N-glycoside-linked sugar chains, there are 3 man-
nose units in one sugar chain in the complex type N-glyco-
side-linked sugar chain. A relative ratio of each monosaccha-
ride obtained by calculating the number of mannose as 3 is
shown in Table 2.

TABLE 2

Antibody- ADCC activity
producing cell Fuc GleNAc  Gal Man (%) *
YB2/0 0.60 4.98 0.30 3.00 42.27
NSO 1.06 3.94 0.66 3.00 16.22
CHO/dhFr™ 0.85 3.59 0.49 3.00 25.73
CHO/dhFr~ 0.91 3.80 0.27 3.00 25.73

* Antibody concentration: 0.01 pg/ml

Since the relative ratios of fucose were in an order of
YB2/0<CHO/d<NSO, the sugar chain produced in the anti-
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body produced by YB2/0 cell showed the lowest fucose con-
tent as also shown in the present results.
4. Sugar Chain Analysis of Antibody Produced by CHO/dhfr~
Cell

PA-treated sugar chains were prepared from purified anti-
hIL-5Ra CDR-grafted antibody produced by CHO/dhfr™
cell, and reverse phase HPLC analysis was carried out using
CLC-ODS column (manufactured by Shimadzu) (FIG. 9). In
FIG. 9, an elution time from 35 to 45 minutes corresponded to
sugar chains having no fucose and an elution time from 45 to
60 minutes corresponded to sugar chains having fucose.
Similar to the case of the antibody produced by mouse
myeloma NSO cell, the anti-hIL.-5Ra. CDR-grafted antibody
produced by CHO/dhfr™ cell had less fucose-free sugar chain
content than the antibody produced by rat myeloma YB2/0
cell.

Example 6
Separation of Potent ADCC Activity Antibody

The anti-hIL.-SRa CDR-grafted antibody produced by rat
myeloma YB2/0 cell was separated using a lectin column
which binds to sugar chains having fucose. HPL.C was carried
out using LC-6 A manufactured by Shimadzu at a flow rate of
1 ml/min and at room temperature as the column temperature.
After equilibration with 50 mM Tris-sulfate bufter (pH 7.3),
the purified anti-hl[.-SRa CDR-grafted antibody was
injected and then eluted by a linear density gradient (60
minutes) of 0.2 M a-methylmannoside (manufactured by
Nakalai Tesque). The anti-hI[.-SRa. CDR-grafted antibody
was separated into non-adsorbed fraction and adsorbed frac-
tion. When the non-adsorbed fraction and a part of the
adsorbed fraction were sampled and their binding activity to
hIL-5Ra was measured, they showed similar binding activity
(FIG. 10A). When the ADCC activity was measured, the
non-adsorbed fraction showed potent ADCC activity (100 to
1000 folds) than that of the part of adsorbed fraction (FIG.
10B). In addition, PA-treated sugar chains were prepared
from the non-adsorbed fraction and a part of the adsorbed
fraction, and reverse HPL.C analysis was carried out using
CLC-ODS column (manufactured by Shimadzu) (FIG. 11).
In the non-adsorbed fraction, an antibody binding to fucose-
free sugar chains was mainly present, and in the part of
adsorbed fraction, an antibody binding to sugar chains having
fucose was mainly present.

Example 7

Activity Evaluation of Anti-GD3 Chimeric Antibody
Having Different Ratio of a-1,6-Fucose-Free Sugar
Chain

1. Preparation of Anti-GD3 Chimeric Antibodies Having Dif-
ferent Ratio of a-1,6-Fucose-Free Sugar Chain

In accordance with the method described in the item 2(1) of
Example 1, transformed clones derived from YB2/0 cell
capable of producing an anti-GD3 chimeric antibody was
obtained. Antibodies were prepared from the transformed
clones derived from YB2/0 cell and named lot 1, lot 2 and lot
3. Each sugar chain which is bound to the anti-GD3 chimeric
antibodies of lot 1, lot 2 and lot 3 was analyzed in accordance
with the method of Example 11(6), and it was found that the
ratios of a-1,6-fucose-free sugar chains were 50%, 45% and
29%, respectively. Herein, these samples are referred to as
anti-GD3 chimeric antibody (50%), anti-GD3 chimeric anti-
body (45%) and anti-GD3 chimeric antibody (29%).
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Also, sugar chains of the anti-GD3 chimeric antibody
derived from the CHO/DG44 cell prepared in the item 2(2) of
Example 1 were analyzed in accordance with the method of
Example 11(6), and it was found that the ratio of a-1,6-
fucose-free sugar chains was 7%. Herein, the sample is
referred to as anti-GD3 chimeric antibody (7%).

The anti-GD3 chimeric antibody (45%) and anti-GD?3 chi-
meric antibody (7%) were mixed at a ratio of anti-GD3 chi-
meric antibody (45%):anti-GD3 chimeric antibody (7%)=5:3
or 1:7. Sugar chains of the samples were analyzed in accor-
dance with the method of Example 10(6), and it was found
that samples having the ratio of a-1,6-fucose-free sugar
chains of 24% and 13% (calculated value) were prepared.
Herein, they are referred to as anti-GD3 chimeric antibody
(24%) and anti-GD3 chimeric antibody (13%).

Results of the sugar chain analysis of each of the samples
are shown in FIG. 12. The ratio of a-1,6-fucose-free sugar
chains was shown as an average value of the result of two
sugar chain analyses.

2. Evaluation of Binding Activity to GD3 (ELISA)

The binding activities of the six kinds of the anti-GD3
chimeric antibodies having a different ratio of a-1,6-fucose-
free sugar chains prepared in the item 1 of Example 7 against
GD3 (manufactured by Snow Brand Milk Products) were
measured by the ELISA shown in the item 3 of Example 1. As
aresult, all of the six kinds of the anti-GD3 chimeric antibod-
ies showed almost the same GD3-binding activity as shown in
FIG. 13, and it was found that the ratio of the a-1,6-fucose-
free sugar chains does not have influence on the antigen
binding activity of the antibody.

3. Evaluation of ADCC Activity on Human Melanoma Cell
Line

The ADCC activity of anti-GD3 chimeric antibodies on a
human melanoma cell line G-361 (ATCC CRL 1424) was
measured as follows.

(1) Preparation of Target Cell Suspension

1x10° cells of a human melanoma cell line G-361 were
prepared, a 3.7 MBq equivalent of a radioactive substance
Na,’*CrO, was added thereto and the mixture was allowed to
react at 37° C. for 1 hour to label the cells with the radioiso-
tope. After the reaction, the cells were washed three times by
a procedure of their suspension in a medium and subsequent
centrifugation, re-suspended in the medium and then incu-
bated at 4° C. for 30 minutes in ice to effect spontaneous
dissociation of the radioactive substance. After centrifuga-
tion, the cells were adjusted to 2x10° cells/ml by adding 5 ml
of the medium and used as a target cell suspension.

(2) Preparation of Human Effector Cell Suspension

A 50 ml portion of peripheral blood was collected from a
healthy person and gently mixed with 0.5 ml of heparin
sodium (manufactured by Shimizu Pharmaceutical). Using
Lymphoprep (manufactured by AXIS SHIELD), this was
centrifuged (800 g, 20 minutes) in accordance with the manu-
facture’s instructions to separate a mononuclear cell layer.
The cells were washed by centrifuging (1,200 rpm, 5 minutes)
three times using a medium and then re-suspended in the
medium to give a density of 2x10° cells/ml and used as a
human effector cell suspension.

(3) Measurement of ADCC Activity

The target cell suspension prepared in the (1) was dis-
pensed in 50 ul (1x10* cells/well) into each well of a 96 well
U-bottom plate (manufactured by Falcon). Next, 100 ul ofthe
human eftector cell suspension prepared in the (2) was added
thereto (2x10° cells/well, ratio of the human effector cells to
the target cells was 20:1). Each of the anti-GD3 chimeric
antibodies was added thereto to give a final concentration of
0.0005 to 5 pug/ml, followed by reaction at 37° C. for 4 hours.
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After the reaction, the plate was centrifuged and the amount
of *!Crin the supernatant was measured using a y-counter. An
amount of the spontaneously dissociated >'Cr was calculated
by carrying out the same procedure using the medium alone
instead of the human effector cell suspension and antibody
solution, and measuring the amount of *>'Cr in the superna-
tant. An amount of the total dissociated **Cr was calculated
by carrying out the same procedure using the medium alone
instead of the antibody solution and a 1 mol/l hydrochloric
acid solution instead of the human effector cell suspension,
and measuring the amount of >'Cr in the supernatant. The
cytotoxic activity (%) was calculated using equation (II).

FIGS. 14 and 15 show results of the measurement of ADCC
activity of the six kinds of the anti-GD3 chimeric antibodies
having a different ratio of a-1,6-fucose-free sugar chains at
various concentrations (0.0005 to 5 ng/ml) using effector
cells of two healthy donors (A and B), respectively. As shown
in FIGS. 14 and 15, ADCC activity of the anti-GD3 chimeric
antibodies showed a tendency to increase in proportion to the
ratio of a-1,6-fucose-free sugar chains at each antibody con-
centration. The ADCC activity decreases when the antibody
concentration is low. At an antibody concentration of 0.05
ng/ml, the antibody in which the ratio of a-1,6-fucose-free
sugar chains is 24%, 29%, 45% or 50% showed almost the
same potent ADCC activity but the ADCC activity was low in
the antibody (13%) or (7%) in which the ratio of a-1,6-
fucose-free sugar chains is less that 20%. These results were
the same when the effector cell donor was changed.

Example 8

Activity Evaluation of Anti-CCR4 Chimeric
Antibody Having Different Ratio of
a-1,6-Fucose-Free Sugar Chain

1. Production of Cells Stably Producing Anti-CCR4 Chi-
meric Antibody

Cells which capable of stably producing an anti-CCR4
chimeric antibody were prepared as follows using a tandem
type expression vector pKANTEX2160 for an anti-CCR4
chimeric antibody described in WO 01/64754.

(1) Preparation of Antibody-Producing Cell Using Rat
Myeloma YB2/0 Cell

After introducing 10 pg of the anti-CCR4 chimeric anti-
body expression vector pPRANTEX2160 into 4x10° cells of
rat myeloma YB2/0 cell (ATCC CRL 1662) by electropora-
tion [Cytotechnology, 3, 133 (1990)], the cells were sus-
pended in 40 ml of Hybridoma-SFM-FBS(5) [Hybridoma-
SFM medium (manufactured by Invitrogen) comprising 5%
FBS (manufactured by PAA Laboratories)] and dispensed in
200 pl/well into a 96 well culture plate (manufactured by
Sumitomo Bakelite). After culturing them at 37° C. for 24
hours in a 5% CO, incubator, G418 was added to give a
concentration of 1 mg/ml, followed by culturing for 1 to 2
weeks. Culture supernatant was recovered from wells in
which growth of transformants showing G418 resistance was
observed by the formation of colonies, and antigen binding
activity of the anti-CCR4 chimeric antibody in the superna-
tant was measured by the ELISA described in the item 2 of
Example 8.

Regarding the transformants in wells in which production
of the anti-CCR4 chimeric antibody was observed in culture
supernatants, in order to increase an amount of the antibody
production using a DHFR gene amplification system, each of
them was suspended in the Hybridoma-SFM-FBS(S)
medium comprising 1 mg/ml G418 and 50 nM DHEFR inhibi-
tor MTX (manufactured by SIGMA) to give a density of 1 to
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2x10° cells/ml, and the suspension was dispensed in 1 ml
portions into wells of a 24 well plate (manufactured by
Greiner). After culturing them at 37° C. for 1 to 2 weeks in a
5% CO, incubator, transformants showing S0nM MTX resis-
tance were induced. Antigen binding activity of the anti-
CCR4 chimeric antibody in culture supernatants in wells in
which growth of transformants was observed was measured
by the ELISA described in the item 2 of Example 8.

Regarding the transformants in wells in which production
of the anti-CCR4 chimeric antibody was observed in culture
supernatants, the MTX concentration was increased by the
same method, and a transformant capable of growing in the
Hybridoma-SFM-FBS(5) medium comprising 200 nM MTX
and of producing the anti-CCR4 chimeric antibody in a large
amount was finally obtained. The obtained transformant was
made into a single cell (cloning) by limiting dilution twice,
and the obtained cloned cell line was named KM2760 #58-
35-16. In this case, using the method for determining the
transcription product of an a-1,6-fucosyltransferase gene
shown in Example 9, a cell line producing a relatively small
amount of the transcription product was selected and used as
a suitable cell line.
(2) Preparation of Antibody-Producing Cell Using CHO/
DG44 Cell

After introducing 4 pg of the anti-CCR4 chimeric antibody
expression vector pKANTEX2160 into 1.6x10° cells of
CHO/DG44 cell by electroporation [Cyftotechnology, 3, 133
(1990)], the cells were suspended in 10 ml of IMDM-dFBS
(10)-HT(1) [IMDM medium (manufactured by Invitrogen)
comprising 10% dFBS (manufactured by Invitrogen) and 1x
concentration of HT supplement (manufactured by Invitro-
gen)] and dispensed in 100 pl/well into a 96 well culture plate
(manufactured by Iwaki Glass). After culturing them at 37° C.
for 24 hours in a 5% CO, incubator, the medium was changed
to IMDM-dFBS(10) (IMDM medium comprising 10% of
dialyzed FBS), followed by culturing for 1 to 2 weeks. Cul-
ture supernatant was recovered from wells in which the
growth was observed due to formation of a transformant
showing HT-independent growth, and an expression level of
the anti-CCR4 chimeric antibody in the supernatant was mea-
sured by the ELISA described in the item 2 of Example 8.

Regarding the transformants in wells in which production
of the anti-CCR4 chimeric antibody was observed in culture
supernatants, in order to increase an amount of the antibody
production using a DHFR gene amplification system, each of
them was suspended in the IMDM-dFBS(10) medium com-
prising 50 nM MTX to give a density of 1 to 2x10° cells/ml,
and the suspension was dispensed in 0.5 ml into wells of a 24
well plate (manufactured by Iwaki Glass). After culturing
them at 37° C. for 1 to 2 weeks in a 5% CO, incubator,
transformants showing 50 nM MTX resistance were induced.
Regarding the transformants in wells in which the growth was
observed, the MTX concentration was increased to 200 nM
by the same method, and a transformant capable of growing in
the IMDM-dFBS(10) medium comprising 200 nM MTX and
of producing the anti-CCR4 chimeric antibody in a large
amount was finally obtained. The obtained transformant was
named 5-03. In this case, using the method for determining
the transcription product of an a-1,6-fucosyltransferase gene
shown in Example 9, a cell line producing a relatively small
amount of the transcription product was selected and used as
a suitable cell line.
2. Antibody Binding Activity to CCR4 Partial Peptide
(ELISA)

Compound 1 (SEQ ID NO:25) was selected as a human
CCR4 extracellular region peptide capable of reacting with
the anti-CCR4 chimeric antibody. In order to use it in the
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activity measurement by ELISA, a conjugate with BSA (bo-
vine serum albumin) (manufactured by Nakalai Tesque) was
prepared by the following method and used as the antigen.
That is, 100 ml of a DMSO solution comprising 25 mg/ml
SMCC [4-(N-maleimidomethyl)-cyclohexane-1-carboxylic
acid N-hydroxysuccinimide ester| (manufactured by Sigma)
was added dropwise to 900 ml of a 10 mg BSA-containing
PBS solution under stirring using a vortex, followed by gently
stirring for 30 minutes. A 1 ml portion of the reaction solution
was applied to a gel filtration column such as NAP-10 column
or the like equilibrated with 25 ml of PBS, and then eluted
with 1.5 ml of PBS and the resulting eluate was used as a
BSA-SMCC solution (BSA concentration was calculated
based on A, measurement). Next, 250 ml of PBS was added
to 0.5 mg of Compound 1 and then completely dissolved by
adding 250 ml of DMF, and the BSA-SMCC solution was
added thereto under vortex, followed by gently stirring for 3
hours. The reaction solution was dialyzed against PBS at 4°
C. overnight, sodium azide was added thereto to give a final
concentration of 0.05%, and the mixture was filtered through
a 0.22 mm filter to be used as a BSA-compound 1 solution.

The prepared conjugate was dispensed at 0.05 pg/ml and
50 ul/well into a 96 well E1A plate (manufactured by Greiner)
and incubated for adhesion at 4° C. overnight. After washing
each well with PBS, 1% BSA-PBS was added thereto in 100
ul/well and allowed to react at room temperature to block the
remaining active groups. After washing each well with PBS
containing 0.05% Tween 20 (hereinafter referred to as
“Tween-PBS”), a culture supernatant of a transformant was
added at 50 pl/well and allowed to react at room temperature
for 1 hour. After the reaction, each well was washed with
Tween-PBS, and then a peroxidase-labeled goat anti-human
IgG(y) antibody solution (manufactured by American
Qualex) diluted 6000 times with 1% BSA-PBS as the second-
ary antibody was added at 50 pl/well and allowed to react at
room temperature for 1 hour. After the reaction and subse-
quent washing with Tween-PBS, the ABTS substrate solution
was added at 50 ul/well for color development, and 20 min-
utes thereafter, the reaction was stopped by adding a 5% SDS
solution at 50 pl/well. Thereafter, the absorbance at OD, 5
was measured. The anti-CCR4 chimeric antibody obtained in
the item 1 of Example 8 showed the binding activity to CCR4.
3. Purification of Anti-CCR4 Chimeric Antibody
(1) Culturing of Antibody-Producing Cell Derived from
YB2/0 Cell and Purification of Antibody

The anti-CCR4 chimeric antibody-expressing transfor-
mant cell clone KM2760 #58-35-16 obtained in the item 1(1)
of Example 8 was suspended in Hybridoma-SFM (manufac-
tured by Invitrogen) medium comprising 200 nM MTX and
5% of Daigo’s GF21 (manufactured by Wako Pure Chemical
Industries) to give a density of 2x10° cells/ml and subjected to
fed-batch shaking culturing using a spinner bottle (manufac-
tured by Iwaki Glass) in a constant temperature chamber of
37° C. After culturing them for 8 to 10 days, the anti-CCR4
chimeric antibody was purified from the culture supernatant
recovered using Prosep-A (manufactured by Millipore) col-
umn and gel filtration. The purified anti-CCR4 chimeric anti-
body was named KM2760-1.
(2) Culturing of Antibody-Producing Cell Derived from
CHO-DG44 Cell and Purification of Antibody

The anti-CCR4 chimeric antibody-producing transformant
cell line 5-03 obtained in the item 1(2) of Example 8 was
cultured at 37° C. in a 5% CO, incubator using IMDM-dFBS
(10) medium in a 182 cm?” flask (manufactured by Greiner).
When the cell density reached confluent after several days,
the culture supernatant was discarded, and the cells were
washed with 25 ml of PBS buffer and then mixed with 35 ml
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of EXCELL 301 medium (manufactured by JRH). After cul-
turing them at 37° C. for 7 days in a 5% CO, incubator, the
culture supernatant was recovered. The anti-CCR4 chimeric
antibody was purified from the culture supernatant using
Prosep-A (manufactured by Millipore) column in accordance
with the manufacture’s instructions. The purified anti-CCR4
chimeric antibody was named KM3060.

When the binding activity to CCR4 of KM2760-1 and
KM3060 was measured by ELISA, they showed equivalent
binding activity.

4. Analysis of Purified Anti-CCR4 Chimeric Antibodies

Each (4 pg) of the two kinds of the anti-CCR4 chimeric
antibodies produced by and purified from in different animal
cells, obtained in the item 1 of this Example was subjected to
SDS-PAGE in accordance with a known method [Nature,
227, 680 (1970)], and the molecular weight and purification
degree were analyzed. In each of the purified anti-CCR4
chimeric antibodies, a single band corresponding to the
molecular weight of about 150 Kd was found under non-
reducing conditions, and two bands of about 50 Kd and about
25 Kd were found under reducing conditions. The molecular
weights almost coincided with the molecular weights
deduced from the cDNA nucleotide sequences of antibody H
chain and L chain (H chain: about 49 Kd, L chain: about 23
Kd, whole molecule: about 144 Kd) and coincided with
reports stating that an IgG type antibody has a molecular
weight of about 150 Kd under non-reducing conditions and is
degraded into H chain having a molecular weight of about 50
Kd and L chain having a molecular weight of about 25 Kd
under reducing conditions caused by cutting an S—S bond in
the molecule [Antibodies: A Laboratory Manual, Cold Spring
Harbor Laboratory, Chapter 14 (1988), Monoclonal Antibod-
ies: Principles and Practice, Academic Press Limited
(1996)], thus confirming that the anti-CCR4 chimeric anti-
body was expressed and purified as an antibody molecule
having a correct structure.

5. Preparation of Anti-CCR4 Chimeric Antibody Having Dif-
ferent Ratio of a-1,6-Fucose-Free Sugar Chain

Sugar chains which are bound to anti-CCR4 chimeric anti-
body KM2760-1 derived from YB2/0 cell prepared in the item
3(1) of Example 8 and the anti-CCR4 chimeric antibody
KM3060 derived from CHO/DG44 cell prepared in the item
3(2) of Example 8 were analyzed in accordance with the
method of Example 10(6). The ratio of a-1,6-fucose-free
sugar chains was 87% and 8% in KM2760 and KM3060,
respectively. Herein, the samples are referred to as anti-CCR4
chimeric antibody (87%) and anti-CCR4 chimeric antibody
(8%).

The anti-CCR4 chimeric antibody (87%) and anti-CCR4
chimeric antibody (8%) were mixed at a ratio of anti-CCR4
chimeric antibody (87%):anti-CCR4 chimeric antibody (8%)
=1:39, 16:67, 22:57, 32:47 or 42:37. Sugar chains of these
samples were analyzed in accordance with the method of
Example 10(6). The ratio of a-1,6-fucose-free sugar chains
was 9%, 18%, 27%, 39% and 46%, respectively. Herein,
these samples are referred to as anti-CCR4 chimeric antibody
(9%), anti-CCR4 chimeric antibody (18%), anti-CCR4 chi-
meric antibody (27%), anti-CCR4 chimeric antibody (39%)
and anti-CCR4 chimeric antibody (46%).

Results of the sugar chain analysis of each of the samples
are shown in FIG. 16. The ratio of a-1,6-fucose-free sugar
chains was shown as an average value of the result of two
sugar chain analyses.

6. Evaluation of Binding Activity to CCR4 Partial Peptide
(ELISA)

Binding activity of the six kinds of the different anti-CCR4

chimeric antibodies having a different a-1,6-fucose-free
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sugar chain prepared in the item 5 of Example 8 to CCR4
partial peptide was measured in accordance with the method
described in the item 2 of Example 8.

As a result, as shown in FIG. 17, the six kinds of the
anti-CCR4 chimeric antibodies showed almost the same
CCR4-binding activity, it was found that the ratio of a-1,6-
fucose-free sugar chains does not have influence on the anti-
gen-binding activity of the antibody.

7. Evaluation of ADCC Activity on Human CCR4-High
Expressing Cell Line

The ADCC activity of the anti-CCR4 chimeric antibodies
against a human CCR4-high expressing cell CCR4/EL-4 cell
(WO 01/64754) was measured as follows.

(1) Preparation of Target Cell Suspension

Cells (1.5x10°) of a human CCR4-expressing cell, CCR4/
EL-4 cell, described in WO 01/64754 were prepared and a
5.55 MBq equivalent of a radioactive substance Na,’'CrO,
was added thereto, followed by reaction at 37° C. for 1.5
hours to thereby label the cells with a radioisotope. After the
reaction, the cells were washed three times by suspension in
a medium and subsequent centrifugation, resuspended in the
medium and then incubated at 4° C. for 30 minutes in ice for
spontaneous dissociation of the radioactive substance. After
centrifugation, the cells were adjusted to give a density of
2x10° cells/ml by adding 7.5 ml of the medium and used as a
target cell suspension.

(2) Preparation of Human Effector Cell Suspension

From a healthy person, 60 ml of peripheral blood was
collected, 0.6 ml of heparin sodium (manufactured by
Shimizu Pharmaceutical) was added thereto, followed by
gently mixing. The mixture was centrifuged (800 g, 20 min-
utes) to isolate a mononuclear cell layer using Lymphoprep
(manufactured by AXIS SHIELD) in accordance with the
manufacture’s instructions. The cells were washed by centri-
fuging (1,400 rpm, 5 minutes) three times using a medium
and then re-suspended in the medium to give a density of
5x10° cells/ml and used as a human effector cell suspension.
(3) Measurement of ADCC Activity

The target cell suspension prepared in the (1) was dis-
pensed at 50 ul (1x10* cells/well) into each well of a 96 well
U-bottom plate (manufactured by Falcon). Next, 100 ul of the
human effector cell suspension prepared in the (2) was added
thereto (5x10° cells/well, ratio of the human effector cells to
the target cells was 50:1). Furthermore, each of the anti-
CCR4 chimeric antibodies was added thereto to give a final
concentration of 0.0001 to 10 pg/ml, followed by reaction at
37° C. for 4 hours. After the reaction, the plate was centri-
fuged and the amount of *'Cr in the supernatant was mea-
sured using a y-counter. An amount of the spontaneously
dissociated *'Cr was calculated by carrying out the same
procedure using the medium alone instead of the human
effector cell suspension and antibody solution, and measuring
the amount of > Cr in the supernatant. An amount of the total
dissociated *'Cr was calculated by carrying out the same
procedure using a 1 mol/L hydrochloric acid solution instead
of the antibody solution and human effector cell suspension,
and measuring the amount of >'Cr in the supernatant. The
ADCC activity (%) was calculated based on equation (II).

FIGS. 18 and 19 show results of the measurement of ADCC
activity of the anti-CCR4 chimeric antibodies having a dif-
ferent ratio of a-1,6-fucose-free sugar chains at various con-
centrations (0.001 to 10 pg/ml) using effector cells of two
healthy donors (A and B), respectively. As shown in FIGS. 18
and 19, the ADCC activity of the anti-CCR4 chimeric anti-
bodies showed a tendency to increase in proportion to the
ratio of a-1,6-fucose-free sugar chains at each antibody con-
centration. The ADCC activity decreases when the antibody
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concentration is low. At an antibody concentration of 0.01
ng/ml, the antibody in which the a-1,6-fucose-free sugar
chains is 27%, 39% or 46% showed almost the same potent
ADCC activity butthe ADCC activity was low in the antibody
in which the ratio of a-1,6-fucose-free sugar chains is less
than 20%. The results were the same as the case when the
effector cell donor was changed.

Example 9

Determination of Transcription Product of
a-1,6-Fucosyltransferase Gene in Host Cell Line

(1) Preparation of Single-Stranded ¢cDNA from Various Cell
Lines

Single-stranded cDNA samples were prepared from dihy-
drofolate reductase gene (dhfr)-deleted CHO/DG44 cells
derived from Chinese hamster ovary and rat myeloma YB2/0
cells by the following procedure.

The CHO/DG44 cells were suspended in IMDM medium
(manufactured by Life Technologies) supplemented with
10% fetal bovine serum (manufactured by Life Technologies)
and 1x concentration HT supplement (manufactured by Life
Technologies), and 15 ml of the suspension was inoculated
into T75 flask for adhesion cell culture use (manufactured by
Greiner) at a density of 2x10° cells/ml. Also, the YB2/0 cells
were suspended in RPMI 1640 medium (manufactured by
Life Technologies) supplemented with 10% fetal bovine
serum (manufactured by Life Technologies) and 4 mmol/l
L-GLN (manufactured by Life Technologies), and 15 ml of
the suspension was inoculated into T75 flask for suspension
cell culture (manufactured by Greiner) at a density of 2x10°
cells/ml. They were cultured at 37° C. in a 5% CO, incubator,
and 1x107 of respective host cells were recovered on the 1st,
2nd, 3rd, 4th and 5th days ofthe culturing to extract total RNA
using RNAeasy (manufactured by QIAGEN) in accordance
with the manufacture’s instructions.

The total RNA was dissolved in 45 pl of sterile water, 1 ul
of RQ1 RNase-Free DNase (manufactured by Promega), 5 ul
of'the attached 10x DNase buffer and 0.5 pul of RNasin Ribo-
nuclease Inhibitor (manufactured by Promega) were added
thereto, followed by reaction at 37° C. for 30 minutes to
degrade genome DNA contaminated in the sample. After the
reaction, the total RNA was purified again using RNAeasy
(manufactured by QIAGEN) and dissolved in 50 pl of sterile
water.

In a 20 pl of the reaction mixture using oligo(dT) as a
primer, single-stranded cDNA was synthesized from 3 pg of
each of the obtained total RNA samples by reverse transcrip-
tion reaction using SUPERSCRIPT™ Preamplification Sys-
tem for First Strand cDNA Synthesis (manufactured by Life
Technologies) and in accordance with the manufacture’s
instructions. A 1x concentration solution of the reaction solu-
tion was used for the cloning of a-1,6-fucosyltransferase
(hereinafter referred sometimes to as “FUTS8”) and p-actin
derived from respective host cells, and 50 folds-diluted aque-
ous solution of the reaction solution for the determination of
each gene transcription amount by competitive PCR, and the
solutions were stored at —80° C. until use.

(2) Preparation of cDNA Partial Fragments of Chinese Ham-
ster FUT8 and Rat FUT8

Each cDNA partial fragment of Chinese hamster FUT8 and
rat FUTS8 was prepared by the following procedure (FIG. 20).

First, primers (shown in SEQ ID NOs:4 and 5) specific for
nucleotide sequences common to human FUT8 cDNA [/
Biochem., 121, 626 (1997)] and swine FUT8 cDNA [J. Biol.
Chem., 271, 27810 (1995)] were designed.
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Next, 25 pl of a reaction solution [ExTaq buffer (manufac-
tured by Takara Shuzo), 0.2 mmol/l dNTPs and 0.5 umol/1
gene-specific primers (SEQ ID NOs:4 and 5)] containing 1 pl
of each of the cDNA prepared from CHO cell and cDNA
prepared from YB2/0 cell, both obtained in the item (1) 2 days
after culturing, and polymerase chain reaction (PCR) was
carried out using a DNA polymerase ExTaq (manufactured
by Takara Shuzo). The PCR was carried out by heating at 94°
C. for 1 minute, subsequent 30 cycles of heating at 94° C. for
30 seconds, 55° C. for 30 seconds and 72° C. for 2 minutes as
one cycle, and final heating at 72° C. for 10 minutes.

After the PCR, the reaction solution was subjected to 0.8%
agarose gel electrophoresis, and a specific amplified fragment
0t 979 bp was purified using GENECLEAN Spin Kit (manu-
factured by BIO 101) and eluted with 10 pl of sterile water
(hereinafter, the method was used for the purification of DNA
fragments from agarose gel). Into a plasmid pCR2.1, 4 ul of
the amplified fragment was employed to insert in accordance
with the manufacture’s instructions of TOPO TA Cloning Kit
(manufactured by Invitrogen), and £. coli XL.1-Blue was
transformed with the reaction solution by the method of
Cohen et al. [Proc. Natl. Acad. Sci. USA, 69, 2110 (1972)]
(hereinafter, the method was used for the transformation of .
coli). Plasmid DNA samples were isolated in accordance with
a known method [Nucleic Acids Research, 7, 1513 (1979)]
(hereinafter, the method was used for the isolation of plasmid)
from cDNA-inserted 6 clones among the obtained kanamy-
cin-resistant colonies.

The nucleotide sequence of each ¢cDNA inserted into the
plasmid was determined using DNA Sequencer 377 (manu-
factured by Parkin Elmer) and BigDye Terminator Cycle
Sequencing FS Ready Reaction kit (manufactured by Parkin
Elmer) in accordance with the method of the manufacture’s
instructions. It was confirmed that all of the inserted cDNAs
of which sequences were determined by the method encode
the open reading frame (ORF) partial sequences of Chinese
hamster FUTS or rat FUT8 (shown in SEQ ID NOs:6 and 7).
Among these, plasmid DNA samples containing absolutely
no reading error by the PCR in the sequences were selected.
Herein, these plasmids are referred to as CHFUT8-pCR2.1
and YBFUTS8-pCR2.1.

(3) Preparation of Chinese Hamster §-Actin and Rat f-Actin
cDNA

Chinese hamster [-actin and rat -actin cDNA were pre-
pared by the following procedure (FIG. 21).

First, a forward primer specific for a common sequence
containing translation initiation codon (shown in SEQ ID
NO:8) and reverse primers specific for respective sequences
containing translation termination codon (shown in SEQ ID
NOs:9 and 10) were designed from Chinese hamster §-actin
genomic sequence (GenBank, U20114) and rat f-actin
genomic sequence [ Nucleic Acids Research, 11,1759 (1983).

Next, 25 ul of a reaction solution [KOD buffer #1 (manu-
factured by Toyobo), 0.2 mmol/l dNTPs, 1 mmol/1 MgCl,,0.4
umol/l gene-specific primers (SEQ ID NOs:8 and 9, or SEQ
ID NOs:8 and 10) and 5% DMSO] containing 1 pl of each of
the cDNA prepared from CHO cell and cDNA prepared from
YB2/0 cell, both obtained in the item (1) 2 days after culturing
was prepared, and PCR was carried out using a DNA poly-
merase KOD (manufactured by Toyobo). The PCR was car-
ried out by heating at 94° C. for 1 minute and subsequent 25
cycles of heating at 98° C. for 15 seconds, 65° C. for 2 seconds
and 74° C. for 30 seconds as one cycle.

After the PCR, the reaction solution was subjected to 0.8%
agarose gel electrophoresis, and a specific amplified fragment
0f' 1128 bp was purified. The DNA fragment was subjected to
DNA S5'-terminal phosphorylation using MEGALABEL
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(manufactured by Takara Shuzo) in accordance with the
manufacture’s instructions. The DNA fragment was recov-
ered from the reaction solution using ethanol precipitation
method and dissolved in 10 pl of sterile water.

Separately, 3 ug of a plasmid pBluescript [1 KS(+) (manu-
factured by Stratagene) was dissolved in 35 ul of NEBuffer 2
(manufactured by New England Biolabs), and 16 units of a
restriction enzyme EcoRV (manufactured by Takara Shuzo)
were added thereto for digestion reaction at 37° C. for 3 hours.
To the reaction solution, 35 ul of 1 mol/1 Tris-HCI buffer (pH
8.0) and 3.5 pl of E. coli C15-derived alkaline phosphatase
(manufactured by Takara Shuzo) were added thereto, fol-
lowed by reaction at 65° C. for 30 minutes to thereby depho-
phorylate the DNA terminus. The reaction solution was
extracted with phenol/chloroform, followed by ethanol pre-
cipitation, and the recovered DNA fragment was dissolved in
100 wl of sterile water.

Each 4 pl of the amplified fragment prepared from Chinese
hamster cDNA or the amplified fragment (1192 bp) prepared
from rat cDNA was mixed with 1 ul of the EcoRV-EcoRV
fragment (about 3.0 Kb) prepared from plasmid pBluescript
ITKS(+) and 5 pl of Ligation High (manufactured by Toyobo)
for ligation reaction at 16° C. for 30 minutes. Using the
reaction solution, E. coli XL1-Blue was transformed, and
plasmid DNA samples were isolated respectively in accor-
dance with a known method from the obtained ampicillin-
resistant clones.

The nucleotide sequence of each cDNA inserted into the
plasmid was determined using DNA Sequencer 377 (manu-
factured by Parkin Elmer) and BigDye Terminator Cycle
Sequencing FS Ready Reaction kit (manufactured by Parkin
Elmer) in accordance with the method of the manufacture’s
instructions. It was confirmed that all of the inserted cDNAs
of which sequences were determined by the method encode
the ORF full sequences of Chinese hamster [-actin or rat
[-actin. Among these, plasmid DNA samples containing
absolutely no reading error of bases by the PCR in the
sequences were selected. Herein, the plasmids are called
CHAc-pBS and YBAc-pBS.

(4) Preparation of FUT8 Standard and Internal Control

In order to measure a transcription level of FUT8 gene
mRNA in each cell, CHFT8-pCR2.1 or YBFT8-pCR2.1, as
plasmids in which ¢cDNA partial fragments prepared in the
item (2) from Chinese hamster FUT8 or rat FUT8 were
inserted into pCR2.1, respectively, were digested with a
restriction enzyme EcoRI, and the obtained linear DNAs
were used as the standards for the preparation of a calibration
curve. CHFT8d-pCR2.1 and YBFT8d-pCR2.1, which were
obtained from the CHFT8-pCR2.1 and YBFT8-pCR2.1, by
deleting 203 bp between Scal and HindlIIl, an inner nucle-
otide sequence of Chinese hamster FUT8 and rat FUTS,
respectively, were digested with a restriction enzyme EcoRI,
and the obtained linear DNAs were used as the internal stan-
dards for FUT8 amount determination. Details thereof are
described below.

Chinese hamster FUTS8 and rat FUTS8 standards were pre-
pared as follows. In 40 pl of NEBuffer 2 (manufactured by
New England Biolabs), 2 ug of the plasmid CHFT8-pCR2.1
was dissolved, 24 units of a restriction enzyme EcoRI (manu-
factured by Takara Shuzo) were added thereto, followed by
digestion reaction at 37° C. for 3 hours. Separately, 2 ug ofthe
plasmid YBFT8-pCR2.1 was dissolved in 40 ul of NEBuffer
2 (manufactured by New England Biolabs), and 24 units of a
restriction enzyme EcoRI (manufactured by Takara Shuzo)
were added thereto, followed by digestion reaction at 37° C.
for 3 hours. By subjecting a portion of each of the reaction
solutions to 0.8% agarose gel electrophoresis, it was con-
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firmed that an EcoRI-EcoRI fragment (about 1 Kb) contain-
ing each of cDNA partial fragments of Chinese hamster
FUT8 and rat FUT8 was separated from the plasmids
CHFT8-pCR2.1 and YBFT8-pCR2.1 by the restriction
enzyme digestion reactions. Each of the reaction solutions
was diluted with 1 pg/ml of baker’s yeast t-RNA (manufac-
tured by SIGMA) to give a concentration of 0.02 fg/ul, 0.2
fg/ul, 1 fg/ul, 2 fg/ul, 10 fg/ul, 20 fg/ul and 100 {fg/pl and used
as the Chinese hamster FUT8 and rat FUTS standards.

Internal standards of Chinese hamster FUT8 and rat FUTS
were prepared as follows (FIG. 22). A reaction solution [KOD
buffer #1 (manufactured by Toyobo), 0.2 mmol/l dNTPs, 1
mmol/l MgCl,, 0.4 umol/l gene-specific primers (SEQ ID
NOs:11 and 12) and 5% DMSO] containing 5 ng of CHFTS8-
pCR2.1 or YBFT8-pCR2.1 was prepared, and PCR was car-
ried out using a DNA polymerase KOD (manufactured by
Toyobo). The PCR was carried out by heating at 94° C. for 4
minutes and subsequent 25 cycles of heating at 98° C. for 15
seconds, 65° C. for 2 seconds and 74° C. for 30 seconds as one
cycle. After the PCR, the reaction solution was subjected to
0.8% agarose gel electrophoresis, and a specific amplified
fragment of about 4.7 Kb was purified. The DNA 5'-terminal
was phosphorylated using MEGAL ABEL (manufactured by
Takara Shuzo) in accordance with the manufacture’s instruc-
tions, and then the DNA fragment was recovered from the
reaction solution by ethanol precipitation and dissolved in 50
ul of sterile water. The obtained DNA fragment (5 pl, about
4.7 kb) and 5 pl of Ligation High (manufactured by Toyobo)
were mixed, followed by self-cyclization reaction at 16° C.
for 30 minutes.

Using the reaction solution, £. coli DH5a was trans-
formed, and plasmid DNA samples were isolated in accor-
dance with a known method from the obtained ampicillin-
resistant clones. The nucleotide sequence of each plasmid
DNA was determined using DNA Sequencer 377 (manufac-
tured by Parkin Elmer) and BigDye Terminator Cycle
Sequencing FS Ready Reaction kit (manufactured by Parkin
Elmer), and it was confirmed that a 203 bp inner nucleotide
sequence between Scal and HindIll of Chinese hamster
FUTS or rat FUT8 was deleted. The obtained plasmids are
referred to as CHFT8d-pCR2.1 or YBFT8d-pCR2.1, respec-
tively.

Next, 2 ug of the plasmid CHFT8d-pCR2.1 was dissolved
in 40 pl of NEBuffer 2 (manufactured by New England
Biolabs), and 24 units of a restriction enzyme EcoRI (manu-
factured by Takara Shuzo) were added thereto, followed by
digestionreaction at 37° C. for 3 hours. Separately, 2 ug of the
plasmid YBFT8d-pCR2.1 was dissolved in 40 pl of NEBuffer
2 (manufactured by New England Biolabs), and 24 units of a
restriction enzyme EcoRI (manufactured by Takara Shuzo)
were added thereto, followed by digestion reaction at 37° C.
for 3 hours. A portion of each of the reaction solutions was
subjected to 0.8% agarose gel electrophoresis, and it was
confirmed that an EcoRI-EcoRI fragment (about 800 bp)
containing a fragment from which 203 bp of the inner nucle-
otide sequences of Chinese hamster FUTS8 or rat FUT8 partial
fragments was deleted was separated from the plasmids
CHFT8d-pCR2.1 or YBFT8d-pCR2.1 by the restriction
enzyme digestion reactions. Dilutions of 2 fg/ul were pre-
pared from the reaction solutions using 1 pg/ml baker’s yeast
t-RNA (manufactured by SIGMA) and used as the Chinese
hamster FUTS or rat FUTS internal controls.

(5) Preparation of p-Actin Standard and Internal Control

In order to measure the transcription amount of f-actin
gene mRNA in various host cells, CHAc-pBS and YBAc-
pBS, as plasmids in which the ORF full length of each cDNA
of Chinese hamster [-actin and rat $-actin prepared in the
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item (3) was inserted into pBluescript II KS(+), respectively,
were digested with restriction enzymes HindIII and Pstl and
restriction enzymes HindIIl and Kpnl, respectively, and the
digested linear DNAs were used as the standards for the
preparation of a calibration curve. CHAcd-pBS and YBAcd-
pBS which were obtained from the CHAc-pBS and YBAc-
pBS by deleting 180 bp between Dralll and Dralll of an inner
nucleotide sequence of Chinese hamster 3-actin and rat [3-ac-
tin were digested with restriction enzymes HindIII and Pstl
and restriction enzymes HindIII and Kpnl, respectively, and
the digested linear DNAs were used as the internal standards
for p-actin amount determination. Details thereof are
described below.

Chinese hamster f-actin and rat B-actin standards were
prepared as follows. In 40 ul of NEBuffer 2 (manufactured by
New England Biolabs), 2 pug of the plasmid CHAc-pBS was
dissolved, and 25 units of a restriction enzyme HindIII
(manufactured by Takara Shuzo) and 20 units of Pstl (manu-
factured by Takara Shuzo) were added thereto, followed by
digestion reaction at 37° C. for 3 hours. Separately, 2 ug ofthe
plasmid YBAc-pBS was dissolved in 40 pl of NEBuffer 2
(manufactured by New England Biolabs), and 25 units of a
restriction enzyme HindIII (manufactured by Takara Shuzo)
and 25 units of Kpnl (manufactured by Takara Shuzo) were
added thereto, followed by digestion reaction at 37° C. for 3
hours. A portion of each of the reaction solutions was sub-
jected to 0.8% agarose gel electrophoresis, and it was con-
firmed that a HindIII-Pstl fragment and a HindI1I-KpnlI frag-
ment (about 1.2 Kb) containing the full length ORF of each
c¢DNA of Chinese hamster [3-actin and rat j-actin were sepa-
rated from the plasmids CHAc-pBS and YBAc-pBS by the
restriction enzyme digestion reactions. Each of the reaction
solutions was diluted with 1 pg/ml baker’s yeast t-RNA
(manufactured by SIGMA) to give a concentration 2 pg/ul, 1
pg/ul, 200 fg/ul, 100 fg/ul and 20 fg/pl and used as the Chi-
nese hamster $-actin and or f-actin standards.

Chinese hamster [3-actin and rat f§-actin internal standards
were prepared as follows (FIG. 23). In 100 ul of NEBuffer 3
(manufactured by New England Biolabs) containing 100
ng/ul of BSA (manufactured by New England Biolabs), 2 ng
of CHAc-pBS was dissolved, and 10 units of a restriction
enzyme Dralll (manufactured by New England Biolabs) were
added thereto, followed by digestion reaction at 37° C. for 3
hours. DNA fragments were recovered from the reaction
solution by ethanol precipitation and the DNA termini were
changed to blunt ends using DNA Blunting Kit (manufac-
tured by Takara Shuzo) in accordance with the manufacture’s
instructions, and then the reaction solution was divided into
two equal parts. First, to one part of the reaction solution, 35
ul of 1 mol/l Tris-HC1 bufter (pH 8.0) and 3.5 pl of . coli
C15-derived alkaline phosphatase (manufactured by Takara
Shuzo) were added thereto, followed by reaction at 65° C. for
30 minutes for dephosphorylating the DNA termini. The
DNA fragment was recovered by carrying out dephosphory-
lation treatment, phenol/chloroform extraction treatment and
ethanol precipitation treatment and then dissolved in 10 pl of
sterile water. The remaining part of the reaction solution was
subjected to 0.8% agarose gel electrophoresis to purify a
DNA fragment of about 1.1 Kb containing the ORF partial
fragment of Chinese hamster $-actin.

The dephosphorylated Dralll-Dralll fragment (4.5 ul), 4.5
ul of the Dralll-Dralll fragment of about 1.1 Kb and 5 pl of
Ligation High (manufactured by Toyobo) were mixed, fol-
lowed by ligation reaction at 16° C. for 30 minutes. Using the
reaction solution, . coli DH5a was transformed, and plas-
mid DNAs were isolated in accordance with a known method
from the obtained ampicillin-resistant clones. The nucleotide
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sequence of each plasmid DNA was determined using DNA
Sequencer 377 (manufactured by Parkin Elmer) and BigDye
Terminator Cycle Sequencing FS Ready Reaction kit (manu-
factured by Parkin Elmer), and it was confirmed that a Chi-
nese hamster f-actin Dralll-Dralll 180 bp inserted into the
plasmid was deleted. The plasmid is referred to as CHAcd-
pBS.

Also, a plasmid in which rat -actin Dralll-Dralll 180 bp
was deleted was prepared via the same steps of CHAcd-pBS.
The plasmid is referred to as YBAcd-pBS.

Next, 2 pug of the plasmid CHAcd-pBS was dissolved in 40
ul of NEBuffer 2 (manufactured by New England Biolabs),
and 25 units of arestriction enzyme HindIII (manufactured by
Takara Shuzo) and 20 units of Pstl (manufactured by Takara
Shuzo) were added thereto, followed by digestion reaction at
37° C. for 3 hours. Separately, 2 pug of the plasmid YBAcd-
pBS was dissolved in 40 pl of NEBuffer 2 (manufactured by
New England Biolabs), and 25 units of a restriction enzyme
HindIII (manufactured by Takara Shuzo) and 24 units of Kpnl
(manufactured by Takara Shuzo) were added thereto, fol-
lowed by digestion reaction at 37° C. for 3 hours. A portion of
each of the reaction solutions was subjected to 0.8% agarose
gel electrophoresis, and it was confirmed that an HindIII-PstI
fragment and HindIII-Kpnl fragment (about 1.0 Kb) contain-
ing a fragment in which 180 bp of the inner nucleotide
sequence of the ORF full length of each ¢cDNA of Chinese
hamster p-actin and rat -actin was deleted were separated
from the plasmids CHAcd-pBS and YBAcd-pBS by the
restriction enzyme digestion reactions. Dilutions of 200 fg/ul
were prepared from the reaction solutions using 1 pg/ml
baker’s yeast t-RNA (manufactured by SIGMA) and used as
the Chinese hamster $-actin and rat 3-actin internal controls.
(6) Determination of Transcription Amount by Competitive
PCR

Competitive PCR was carried out using the FUTS internal
control DNA prepared in the item (4) and the host cell-derived
c¢DNA obtained in the item (1) as the templates, the deter-
mined value of the FUT8 transcription product in the host cell
line was calculated from the relative value of the amount of
the amplified product derived from each template. On the
other hand, since it is considered that the f-actin gene is
transcribed continuously in each cell and its transcription
level is approximately the same between cells, transcription
level of the p-actin gene was determined as a measure of the
efficiency of synthesis reaction of cDNA in each host cell line.
That is, the PCR was carried out using the [-actin internal
control DNA prepared in the item (5) and the host cell-derived
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cell line was calculated from the relative value of the amount
of the amplified product derived from each template. Details
thereof are described below.

The FUTS transcription product was determined by the
following procedure. First, a set of sequence-specific primers
(shown in SEQ ID NOs:13 and 14) common to the inner
sequences of the ORF partial sequences of Chinese hamster
FUT8 and rat FUTS obtained in the item (2) were designed.

Next, PCR was carried out using a DNA polymerase ExTaq
(manufactured by Takara Shuzo) in 20 pl in total volume of a
reaction solution [ExTaq buffer (manufactured by Takara
Shuzo), 0.2 mmol/l ANTPs, 0.5 umol/l gene-specific primers
(SEQ ID NOs:13 and 14) and 5% DMSO] containing 5 pl of
50 folds-diluted cDNA solution prepared from each of
respective host cell line in the item (1) and 5 pl (10 fg) of the
plasmid for internal control. The PCR was carried out by
heating at 94° C. for 3 minutes and subsequent 32 cycles of
heating at 94° C. for 1 minute, 60° C. for 1 minute and 72° C.
for 1 minute as one cycle.

Also, PCR was carried out in a series of reaction in which
Sul (0.1 fg, 1 {g, 5 fg, 10 fg, 50 fg, 100 fg, 500 fg or 1 pg) of
the FUTS standard plasmid obtained in the item (4) was added
instead of the each host cell line-derived cDNA, and used in
the preparation of a calibration curve for the FUTS transcrip-
tion level.

The p-actin transcription product was determined by the
following procedure. First, two sets of respective gene-spe-
cific primers common to the inner sequences of the ORF full
lengths of Chinese hamster [3-actin and rat 3-actin obtained in
the item (3) were designed (the former are shown in SEQ ID
NOs:15 and 16, and the latter are shown in SEQ ID NOs: 17
and 18).

Next, PCR was carried out using a DNA polymerase ExTaq
(manufactured by Takara Shuzo) in 20 pl in total volume of a
reaction solution [ExTaq buffer (manufactured by Takara
Shuzo), 0.2 mmol/l ANTPs, 0.5 umol/l gene-specific primers
(SEQ ID NOs:15 and 16, or SEQ ID NOs:17 and 18) and 5%
DMSO)] containing 5 pl of 50 folds-diluted ¢cDNA solution
prepared from respective host cell line in the item (1) and 5 ul
(1 pg) of the plasmid for internal control. The PCR was
carried out by heating at 94° C. for 3 minutes and subsequent
17 cycles of heating at 94° C. for 30 seconds, 65° C. for 1
minute and 72° C. for 2 minutes as one cycle.

Also, PCR was carried out in a series of reaction in which
Sl (10pg, Spg, 1 pg, S00 fg or 100 fg) ofthe B-actin standard
plasmid obtained in the item (5) was added instead of the each
host cell line-derived cDNA, and used in the preparation of a
calibration curve for the -actin transcription level.

TABLE 3
Size (bp) of PCR
Target amplification product
gene Primer set * Target Competitor
FUTS8 F: 5'-GTCCATGGTGATCCTGCAGTGTGG-3' 638 431
R: 5'-CACCAATGATATCTCCAGGTTCC-3'
pB-Actin F: 5'-GATATCGCTGCGCTCGTTGTCGAC-3' 789 609
(Chinese hamster) R: 5'-CAGGAAGGAAGGCTGGAAAAGAGC-3'
pB-Actin F: 5'-GATATCGCTGCGCTCGTCGTCGAC-3' 789 609
(Rat) R: 5'-CAGGAAGGAAGGCTGGAAGAGAGC-3'
* F: forward primer, R: reverse primer

c¢DNA obtained in the item (1) as the templates, the deter-
mined value of the f-actin transcription product in the host
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By carrying out PCR using the primer set described in
Table 3, a DNA fragment having a size shown in the target
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column of Table 3 can be amplified from each gene transcrip-
tion product and each standard, and a DNA fragment having
a size shown in the competitor column of Table 3 can be
amplified from each internal control.

A 7 ul portion of each of the solutions after PCR was
subjected to 1.75% agarose gel electrophoresis, and then the
gel was stained by soaking it for 30 minutes in 1x concentra-
tion SYBR Green I Nucleic Acid Gel Stain (manufactured by
Molecular Probes). The amount of the amplified DNA frag-
ment was measured by calculating luminescence intensity of
each amplified DNA using a fluoro-imager (FluorImager SI;
manufactured by Molecular Dynamics).

The amount of an amplified product formed by PCR using
a standard plasmid as the template was measured by the
method, and a calibration curve was prepared by plotting the
measured values against the amounts of the standard plasmid.
Using the calibration curve, the amount of cDNA of a gene of
interest in each cell line was calculated from the amount of the
amplified product when each expression cell line-derived
c¢DNA was used as the template, and the amount was defined
as the mRNA transcription amount in each cell line.

The amount of the FUTS transcription product in each host
cell line when a rat FUT8 sequence was used in the standard
and internal control is shown in FIG. 24. Throughout the
culturing period, the CHO cell line showed a transcription
amount 10 folds or higher than that of the YB2/0 cell line. The
tendency was also found when a Chinese hamster FUTS8
sequence was used in the standard and internal control.

Also, the FUTS transcription amounts are shown in Table 4
as relative values to the amount of the [-actin transcription
product. Throughout the culturing period, the FUT8 tran-
scription amount in the YB2/0 cell line was around 0.1% of
[-actin while it was 0.5% to 2% in the CHO cell line.

The results shows that the amount of the FUTS transcrip-
tion product in YB2/0 cell line was significantly smaller than
that in the CHO cell line.

TABLE 4
Culture days
Cell line 1st 2nd 3rd 4th Sth
CHO 1.95 0.90 0.57 0.52 0.54
YB2/0 0.12 0.11 0.14 0.08 0.07
Example 10

Determination of Transcription Product of
a-1,6-Fucosyltransferase (FUT8) Gene in
Anti-Ganglioside GD3 Chimeric
Antibody-Producing Cell Line

(1) Preparation of Single-Stranded cDNA from Various Anti-
body-Producing Cell Lines

Single-stranded ¢cDNA was prepared from anti-ganglio-
side GD3 chimeric antibody-producing cell lines DCHIO1-20
and 61-33 as follows. The DCHIO1-20 is a transformant clone
derived from the CHO/DG44 cell described in item 2(2) of
Example 1. Also, the 61-33 is a clone obtained by carrying out
serum-free adaptation of YB2/0-derived transformant cell
7-9-51 (FERM BP-6691, International Patent Organism
Depositary, National Institute of Advanced Industrial Science
and Technology (AIST Tsukuba Central 6, 1-1, Higashi
1-Chome Tsukuba-shi, Ibaraki-ken 305-8566 Japan)) and
then carrying out single cell isolation by two limiting dilution.
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Cells of the DCHI01-20 were suspended in EXCELL 302
medium (manufactured by JRH BIOSCIENCES) supple-
mented with 3 mmol/l L-GLN (manufactured by Life Tech-
nologies), 0.3% PLURONIC F-68 (manufactured by Life
Technologies) and 0.5% fatty acid concentrate (manufactured
by Life Technologies), and 15 ml of the suspension was
inoculated into T75 flask for suspension cell culture use
(manufactured by Greiner) at a density of 2x10° cells/ml.
Also, cells of the 61-33 were suspended in Hybridoma-SFM
medium (manufactured by Life Technologies) supplemented
with 0.2% bovine serum albumin fraction V (manufactured
by Life Technologies) (hereinafter referred to as “BSA™), and
15 ml of the suspension was inoculated into T75 flask for
suspension cell culture (manufactured by Greiner) at a den-
sity of 2x10° cells/ml. They were cultured at 37° C. ina 5%
CO, incubator, and 1, 2, 3, 4 and 5 days after culturing, 1x10”
of respective host cells were recovered to extract total RNA
using RNAeasy (manufactured by QIAGEN) in accordance
with the manufacture’s instructions.

The total RNA was dissolved in 45 pl of sterile water, and
1 ul of RQ1 RNase-Free DNase (manufactured by Promega),
5 pl of the attached 10x DNase buffer and 0.5 pl of RNasin
Ribonuclease Inhibitor (manufactured by Promega) were
added thereto, followed by reaction at 37° C. for 30 minutes
to degrade genome DNA contaminated in the sample. After
the reaction, the total RNA was purified again using RNAeasy
(manufactured by QIAGEN) and dissolved in 50 pl of sterile
water.

In a 20 pl reaction mixture using oligo(dT) as a primer,
single-stranded cDNA was synthesized from 3 pg of each of
the obtained total RNA samples by reverse transcription reac-
tion using SUPERSCRIPT™ Preamplification System for
First Strand ¢cDNA Synthesis (manufactured by Life Tech-
nologies) in accordance with the manufacture’s instructions.
The reaction solution was diluted 50 folds with water and
stored at —80° C. until use.

(2) Determination of Transcription Amounts of Each Gene by
Competitive PCR

The transcription amount of each of the genes on the cDNA
derived from the antibody-producing cell line obtained in the
item (1) was determined by competitive PCR in accordance
with Example 9(6).

The FUTS gene-derived mRNA transcription amount in
each of the antibody-producing cell lines was determined by
the following procedure.

CHFT8-pCR2.1 and YBFT8-pCR2.1, as plasmids in
which ¢cDNA partial fragments prepared in Example 9(2)
from Chinese hamster FUT8 and rat FUT8, respectively, were
inserted into pCR2.1, were digested with a restriction enzyme
EcoRlI, and the obtained linear DNAs were used as the stan-
dards in the preparation of a calibration curve for determining
the FUTS transcription amount.

CHFT8d-pCR2.1 and YBFT8d-pCR2.1, which were
obtained by deleting 203 bp between Scal and HindIII of an
inner nucleotide sequence of Chinese hamster FUT8 and rat
FUTS, respectively, in Example 9(4) were digested with a
restriction enzyme EcoRI, and the obtained linear DNAs
were used as the internal standards for FUT8 amount deter-
mination.

PCR was carried out using a DNA polymerase ExTaq
(manufactured by Takara Shuzo) in 20 pl in total volume of a
reaction solution [ExTaq buffer (manufactured by Takara
Shuzo), 0.2 mmol/l dNTPs, 0.5 umol/l FUT8 gene-specific
primers (SEQID NOs:13 and 14) and 5% DMSO] containing
5 pl of 50 folds-diluted cDNA solution prepared from each of
the antibody-producing cell line in the item (1) and 5 pl (10
fg) of the plasmid for internal control. The PCR was carried
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out by heating at 94° C. for 3 minutes and subsequent 32
cycles of heating at 94° C. for 1 minute, 60° C. for 1 minute
and 72° C. for 1 minute as one cycle.

Also, PCR was carried out in a series of reaction in which
Sul (0.1 fg, 1 {fg, 5 fg, 10 fg, 50 fg, 100 fg, 500 fgor 1 pg) of
the FUT8 standard plasmid was added instead of the each
antibody-producing cell line-derived cDNA, and used in the
preparation of a calibration curve for the FUTS transcription
amount. In this case, 1 ug/ml of abaker’s yeast t-RNA (manu-
factured by SIGMA) was used for the dilution of the standard
plasmid.

On the other hand, since it is considered that the f-actin
gene is transcribed constantly in each cell and its transcription
amount is approximately the same between cells, the tran-
scription amount of the f-actin gene was determined as an
index of the efficiency of synthesis reaction of cDNA in each
antibody-producing cell line.

CHAc-pBS and YBAc-pBS as plasmids in which the ORF
full length of each cDNA of Chinese hamster $-actin and rat
[-actin prepared in Example 9(3) were inserted into pBlue-
script 1T KS(+), respectively, were digested with restriction
enzymes HindIIl and Kpnl, and the obtained linear DNA
samples were used as the standards in the preparation of a
calibration curve for determining the (-actin transcription
amount.

CHAcd-pBS and YBAcd-pBS which were obtained by
deleting 180 bp between Dral and Dral of an inner nucleotide
sequence of Chinese hamster p-actin and rat [3-actin, respec-
tively in Example 9(5), were digested with restriction
enzymes HindIIl and Kpnl, and the obtained linear DNAs
were used as the internal standards for $-actin determination.

PCR was carried out using a DNA polymerase ExTaq
(manufactured by Takara Shuzo) in 20 pl in total volume of a
reaction solution [ExTaq buffer (manufactured by Takara
Shuzo), 0.2 mmol/1 dNTPs, 0.5 umol/1 p-actin-specific prim-
ers (SEQ ID NOs:17 and 18) and 5% DMSO)] containing 5 pl
of'50 folds-diluted cDNA solution prepared from each of the
antibody-producing cell lines and 5 pl (1 pg) of the plasmid
for internal control. The PCR was carried out by heating at
94° C. for 3 minutes and subsequent 17 cycles of heating at
94° C. for 30 seconds, 65° C. for 1 minute and 72° C. for 2
minutes as one cycle. Also, PCR was carried out in a series of
reaction in which 10 pg, 5 pg, 1 pg, 500 fg or 100 fg of the
[-actin standard plasmid was added instead of the each anti-
body-producing cell line-derived cDNA, and used in the
preparation of a calibration curve for the §-actin transcription
amount. In this case, 1 ug/ml of abaker’s yeast t-RNA (manu-
factured by SIGMA) was used for the dilution of standard
plasmid.

By PCR using the primer set described in Table 3, a DNA
fragment having a size shown in the target column of Table 3
can be amplified from each gene transcription product and
each standard, and a DNA fragment having a size shown in
the competitor column of Table 3 can be amplified from each
internal control.

A 7 ul portion of each of the solutions after PCR was
subjected to 1.75% agarose gel electrophoresis, and then the
gel was stained by soaking it for 30 minutes in 1x concentra-
tion SYBR Green I Nucleic Acid Gel Stain (manufactured by
Molecular Probes). The amount of the amplified DNA frag-
ment was measured by calculating luminescence intensity of
each amplified DNA using a fluoro-imager (FluorImager SI;
manufactured by Molecular Dynamics).

The amount of the amplified product formed by PCR
which used a standard plasmid as the template was measured
by the method, and a calibration curve was prepared by plot-
ting the measured values against the amounts of the standard
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plasmid. Using the calibration curve, the amount of cDNA of
a gene of interest in each cell line was calculated from the
amount of the amplified product when each antibody-produc-
ing cell line-derived cDNA was used as the template, and the
value was defined as the mRNA transcription amount in each
cell line.

The FUTS transcription amounts are shown in Table 5 as
relative values to the amount of the f-actin transcription
product. Throughout the culturing period, the FUTS8 tran-
scription amount in the YB2/0 cell-derived antibody-produc-
ing 61-33 was 0.3% or less of f-actin while it was 0.7% to
1.5% in the CHO cell-derived antibody-producing cell.

The results shows that the amount of the FUTS transcrip-
tion product in the YB2/0 cell-derived antibody-producing
cell line was significantly less than that in the antibody-
producing cell line derived from the CHO cell.

TABLE 5
Culture days
Cell line st 2nd 3rd 4th Sth
DCHIO1-20 0.75 0.73 0.99 1.31 1.36
61-33 0.16 0.19 0.24 0.30 <0.10
Example 11

Preparation of Mouse a.-1,6-fucosyltransferase
(FUT8) Gene Over-Expressing Cell Line

(1) Construction of Mouse a-1,6-Fucosyltransferase (FUTS)
Expression Plasmid

Total RNA was extracted from 1x107 cells of a mouse
myeloma NSO cell (RCB0213, Cell Bank at The Institute of
Physical and Chemical Research) subcultured using IMDM
medium (manufactured by Life Technologies) containing
10% fetal bovine serum (manufactured by Life Technolo-
gies), using RNAeasy (manufactured by QIAGEN) in accor-
dance with the manufacture’s instructions. The total RNA
was dissolved in 45 ul of sterile water, and 1 pl of RQ1
RNase-Free DNase (manufactured by Promega), 5 ul of the
attached 10x DNase buffer and 0.5 pl of RNasin Ribonu-
clease Inhibitor (manufactured by Promega) were added
thereto, followed by reaction at 37° C. for 30 minutes to
degrade genome DNA contaminated in the sample. After the
reaction, the total RNA was purified again using RNAeasy
(manufactured by QIAGEN) and dissolved in 50 pl of sterile
water. In a 20 pl reaction mixture using oligo(dT) as a primer,
single-stranded cDNA was synthesized from 3 pg of the
obtained total RNA by reverse transcription reaction using
SUPERSCRIPT™ Preamplification System for First Strand
c¢DNA Synthesis (manufactured by Life Technologies) in
accordance with the manufacture’s instructions.

Mouse FUTS8 cDNA was prepared by the following proce-
dure (FIG. 25).

First, a forward primer specific for a sequence containing a
translation initiation codon (shown in SEQ ID NO:19) and a
reverse primer specific for a sequence containing translation
termination codon (shown in SEQ ID NO:20) were designed
from amouse FUT8 cDNA sequence (GenBank, AB025198).

Next, 25 ul of a reaction solution [ExTaq buffer (manufac-
tured by Takara Shuzo), 0.2 mmol/l dNTPs, 4% DMSO and
0.5 umol/l specific primers (SEQ ID NO:19 and SEQ ID
NO:20)] containing 1 pl of the NSO cell-derived cDNA was
prepared, and PCR was carried out using a DNA polymerase
ExTaq (manufactured by Takara Shuzo). The PCR was car-
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ried out by heating at 94° C. for 1 minute, subsequent 30
cycles of heating at 94° C. for 30 seconds, 55° C. for 30
seconds and 72° C. for 2 minutes as one cycle, and final
heating at 72° C. for 10 minutes.

After the PCR, the reaction solution was subjected to 0.8%
agarose gel electrophoresis, and a specific amplified fragment
of 1728 bp was purified. Into a plasmid pCR2.1, 4 ul of the
DNA fragment was employed to insert in accordance with the
manufacturer’s instructions attached to TOPO TA Cloning
Kit (manufactured by Invitrogen), and E. coli DHS5a was
transformed with the reaction solution. Plasmid DNAs were
isolated in accordance with a known method from cDNA-
inserted 6 clones among the obtained kanamycin-resistant
colonies.

The nucleotide sequence of each ¢cDNA inserted into the
plasmid was determined using DNA Sequencer 377 (manu-
factured by Parkin Elmer) and BigDye Terminator Cycle
Sequencing FS Ready Reaction kit (manufactured by Parkin
Elmer) in accordance with the method of the manufacture’s
instructions. It was confirmed that all of the inserted cDNAs
of which sequences were determined encode the ORF full
sequence of mouse FUTS. Among these, a plasmid DNA
containing absolutely no reading error of bases by the PCR in
the sequences were selected (its DNA sequence and amino
acid sequence are shown in SEQ ID NOs:2 and 24, respec-
tively). Also, inconsistency of 3 bases due to amino acid
substitution was found in the sequence when compared with
the mouse FUT8 sequence registered on GenBank. Herein,
the plasmid is referred to mfFUT8-pCR2.1.

Next, a plasmid pBSm{FUT8 containing the ORF full
sequence of mouse FUT8 was constructed as follows (FIG.
26). First, 1 pug of a plasmid pBluescript Il KS(+) (manufac-
tured by Stratagene) was dissolved in 35 ul of NEBuffer 2
(manufactured by New England Biolabs), and 20 units of a
restriction enzyme EcoRI (manufactured by Takara Shuzo)
were added thereto, followed by digestion reaction at 37° C.
for 2 hours. To the reaction solution, 35 pl of 1 mol/l Tris-HCl
buffer (pH 8.0) and 3.5 ul of E. coli C15-derived alkaline
phosphatase (manufactured by Takara Shuzo) were added,
followed by reaction at 65° C. for 30 minutes for dephospho-
rylate the DNA termini. The reaction solution was extracted
with phenol/chloroform, followed by ethanol precipitated,
and the recovered DNA fragment was dissolved in 10 pl of
sterile water.

Separately, 1 ng of the plasmid mfFUT8-pCR2.1 was dis-
solvedin 35 ul of NEBuffer 2 (manufactured by New England
Biolabs), and 20 units of a restriction enzyme EcoRI (manu-
factured by Takara Shuzo) were added thereto, followed by
digestion reaction at 37° C. for 2 hours. The reaction solution
was subjected to 0.8% agarose gel electrophoresis to purify a
DNA fragment of about 1.7 Kb containing the ORF full
sequence of mouse FUTS cDNA.

The obtained plasmid pBluescript II KS(+)-derived
EcoRI-EcoRI fragment (1 pl, 2.9 Kb), 4 pl of the EcoRI-
EcoRI fragment (1.7 Kb) prepared from the plasmid
mfFUT8-pCR2.1 and 5 pl of Ligation High (manufactured by
Toyobo) were mixed, followed by ligation reaction at 16° C.
for 30 minutes. Using the reaction solution, . coli DH5a. was
transformed, and plasmid DNAs were isolated in accordance
with a known method from the obtained ampicillin-resistant
clones. Herein, the plasmid is referred to pPBSm{FUTS.

Using the pBSm{FUT8 and pAGE249, a mouse FUTS8
expression vector pAGEmfFUTS was constructed by the fol-
lowing procedure (FIG. 27). The pAGE249 is a derivative of
pPAGE248 [J. Biol. Chem., 269, 14730 (1994)], as a vector in
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which an Sphl-Sphl fragment (2.7 Kb) containing a dihydro-
folate reductase gene (dhfr) expression unit was removed
from the pAGE248.

In 50 pl of Universal Buffer H (manufactured by Takara
Shuzo), 1 pug of the pAGE249 was dissolved, and 20 units of
a restriction enzyme Sall (manufactured by New England
Biolabs) were added thereto, followed by digestion reaction
at 37° C. for 2 hours. A DNA fragment was recovered from
the reaction solution by ethanol precipitation and dissolved in
35 wl of NEBuffer 2 (manufactured by New England
Biolabs), and 20 units of a restriction enzyme BamHI (manu-
factured by New England Biolabs) were added thereto, fol-
lowed by digestion reaction at 37° C. for 2 hours. After the
digestion reaction, to the reaction solution, 35 ul of 1 mol/l
Tris-HCI bufter (pH 8.0) and 3.5 pl of E. coli C15-derived
alkaline phosphatase (manufactured by Takara Shuzo) were
added thereto, followed by reaction at 65° C. for 30 minutes
to dephosphorylate the DNA termini. The reaction solution
was extracted with phenol/chloroform extraction, followed
by ethanol precipitation, and the recovered DNA fragment
was dissolved in 10 pl of sterile water.

Separately, 1 pg of pPBSmfFUT8 was dissolved in 50 pl of
Universal Buffer H (manufactured by Takara Shuzo), and 20
units of a restriction enzyme Sall (manufactured by New
England Biolabs) were added thereto, followed by digestion
reactionat37° C. for 2 hours. A DNA fragment was recovered
from the reaction solution by ethanol precipitation and dis-
solved in 35 pl of NEBuffer 2 (manufactured by New England
Biolabs), and 20 units of a restriction enzyme BamHI (manu-
factured by New England Biolabs) were added thereto, fol-
lowed by digestion reaction at 37° C. for 2 hours. After the
digestion reaction, the solution was subjected to 0.8% agar-
ose gel electrophoresis to purify a DNA fragment of about 1.7
Kb containing the ORF full sequence of mouse FUT8 cDNA.

The obtained plasmid pAGE249-derived BamHI-Sall
fragment (1 pl, 6.5 Kb), 4 ul of the BamHI-Sall fragment (1.7
Kb) prepared from the plasmid pBSmfFUTS and 5 pl of
Ligation High (manufactured by Toyobo) were mixed, fol-
lowed by ligation reaction at 16° C. for 30 minutes. Using the
reaction solution, E. coli DH5a was transformed, and a plas-
mid DNA was isolated in accordance with a known method
from the obtained ampicillin-resistant clones. Herein, the
plasmid is referred to pAGEm{FUTS.

(2) Preparation of Mouse a.-1,6-Fucosyltransferase (FUTR)
Gene Over-Expressing Cell Line

A stable FUTS8 gene-expressing cell line was obtained by
introducing the mouse FUTS8 expression vector pAGEm{t-
FUTS constructed in the item (1) into 61-33. The 61-33 is a
clone obtained by carrying out serum-free adaptation of a
transformant cell 7-9-51 (FERM BP-6691, International
Patent Organism Depositary, National Institute of Advanced
Industrial Science and Technology) derived from aYB2/0 cell
highly producing an anti-ganglioside GD3 chimeric anti-
body, and then carrying out single cell isolation by two lim-
iting dilution.

The plasmid pAGEmfFUTS was transferred into 61-33 by
the following procedure in accordance with the electropora-
tion [Cytotechnology, 3, 133 (1990)]. First, 30 ug of the
plasmid pAGEm{FUT8 was dissolved in 600 ul of NEBuffer
4 (manufactured by New England Biolabs), and 100 units of
a restriction enzyme Fspl (manufactured by New England
Biolabs) were added thereto, followed by digestion reaction
at 37° C. for 2 hours to obtain a linear fragment. The reaction
solution was subjected to ethanol precipitation, and the recov-
ered linear plasmid was made into a 1 pg/pl aqueous solution.
Next, the 61-33 was suspended in a K-PBS buffer (137 mol/l
KCl, 2.7 mol/1 NaCl, 8.1 mol/l Na,HPO,, 1.5 mol/1 KH,PO,,
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4.0 mol/l MgCl,) to give a density of 2x107 cells/ml, and 200
ul of the cell suspension (4x10° cells) was mixed with 10 pl
(10 pg) of the linear plasmid. The cell-DNA mixture was
transferred into Gene Pulser Cuvette (inter-electrode dis-
tance, 2 mm) (manufactured by BIO-RAD) and then elec-
troporation was carried out using a cell fusion apparatus Gene
Pulser (manufactured by BIO-RAD) at 0.2 KV pulse voltage
and 250 pF electric capacity. The cell suspension was mixed
with 10 ml of Hybridoma-SFM medium (manufactured by
Life Technologies) supplemented with 5% fetal bovine dia-
lyzed serum (manufactured by Life Technologies) and 0.2%
BSA (manufactured by Life Technologies) and dispensed in
100 pl portions into a 96 well plate for suspension cell use
(manufactured by Greiner). After culturing them at 37° C. for
24 hours in 5% CO,, 50 ul of the culture supernatant was
removed, and Hybridoma-SFM medium (manufactured by
Life Technologies) supplemented with 0.5 mg/ml Hygromy-
cin B (manufactured by Wako Pure Chemical Industries), 5%
fetal bovine dialyzed serum (manufactured by Life Technolo-
gies) and 0.2% BSA (manufactured by Life Technologies)
was dispensed at 100 pl. They were cultured for 3 weeks
while repeating the medium exchange step at intervals of 3 to
4 days, and 14 cell lines showing hygromycin resistance were
obtained.

On the other hand, a negative control cell line was prepared
by introducing the plasmid pAGE249 as a parent vector of the
pAGEm{FUTS into the 61-33. According to the above pro-
cedure, 10 pg of the plasmid pAGE249 converted into linear
form with a restriction enzyme Fspl was introduced into
4x10° cells of the 61-33 using the electroporation. The cells
were mixed with 15 ml of Hybridoma-SFM medium (manu-
factured by Life Technologies) supplemented with 5% fetal
bovine dialyzed serum (manufactured by Life Technologies)
and 0.2% BSA (manufactured by Life Technologies), trans-
ferred into a T75 flask for suspension cell (manufactured by
Greiner) and then cultured at 37° C. for 24 hours in 5% CO,.
After culturing them, a half of the culture supernatant (7.5 ml)
was removed by centrifugation at 800 rpm for 4 minutes, and
the cells were suspended in 7.5 ml of Hybridoma-SFM
medium (manufactured by Life Technologies) supplemented
with 0.5 mg/ml Hygromycin B (manufactured by Wako Pure
Chemical Industries), 5% fetal bovine dialyzed serum (manu-
factured by Life Technologies) and 0.2% BSA (manufactured
by Life Technologies) and transferred into the T75 flask for
suspension cell (manufactured by Greiner). They were cul-
tured for 3 weeks while repeating the medium exchange at
intervals of 3 to 4 days, a hygromycin-resistant cell line was
obtained.

(3) Analysis of Expression Level of a-1,6-Fucosyltransferase
(FUTR) Gene in Cell Lines Over-Expressing the Gene

Using 6 cell lines optionally selected from the 14 mouse
FUT8-over expressing cell lines prepared from 61-33 in the
item (2) and the negative control cell line, the FUT8 expres-
sion levels were compared using competitive RT-PCR.

Each of these over-expression cell lines was suspended in
Hybridoma-SFM medium (manufactured by Life Technolo-
gies) supplemented with 0.5 mg/ml Hygromycin B (manu-
factured by Wako Pure Chemical Industries), 5% fetal bovine
dialyzed serum (manufactured by Life Technologies) and
0.2% BSA (manufactured by Life Technologies) to give a
density 0f' 3x10° cells/ml and then transferred into a T75 flask
for suspension cell culture use (manufactured by Greiner).
After culturing them at 37° C. for 24 hours in 5% CO,, 1x107
of intact cells were recovered to extract total RNA using
RNAeasy (manufactured by QIAGEN) in accordance with
the manufacture’s instructions. The total RNA was dissolved
in 45 pl of sterile water, and 0.5 U/ul of RQ1 RNase-Free

10

15

20

25

30

35

40

45

50

55

60

92

DNase (manufactured by Promega), 5 ul of the attached 10x
DNase buffer and 0.5 ul of RNasin Ribonuclease Inhibitor
(manufactured by Promega) were added thereto, followed by
reaction at 37° C. for 30 minutes to degrade genome DNA
contaminated in the sample. After the reaction, the total RNA
was purified again using RNAeasy (manufactured by
QIAGEN) and dissolved in 50 pl of sterile water.

In a 20 pl reaction mixture using oligo(dT) as a primer,
single-stranded ¢cDNA was synthesized from 2.5 pg of the
obtained total RNA by reverse transcription reaction using
SUPERSCRIPT™ Preamplification System for First Strand
c¢DNA Synthesis (manufactured by Life Technologies) in
accordance with the manufacture’s instructions. The reaction
solution was diluted 50 folds with water and the transcription
amount of each gene was determined by the competitive PCR
in accordance with Example 9(6).

The FUTS gene-derived mRNA transcription amount in
each expression cell line was determined by the following
procedure.

YBFT8-pCR2.1, as a plasmid in which a ¢cDNA partial
fragment prepared in Example 9(2) from rat FUT8 was
inserted into pCR2.1, was digested with a restriction enzyme
EcoRI, and the obtained linear DNA was used as the standard
in the preparation of a calibration curve for determining the
FUTS transcription amount.

Among the YBFT8-pCR2.1 prepared in Example 9(4),
YBFT8d-pCR2.1 obtained by deleting 203 bp between Scal
and HindIII of an inner nucleotide sequence of rat FUT8 was
digested with a restriction enzyme EcoRI, and the obtained
linear DNA was used as the internal control for FUTS deter-
mination.

PCR was carried out using a DNA polymerase ExTaq
(manufactured by Takara Shuzo) in 20 pl in total volume of a
reaction solution [ExTaq buffer (manufactured by Takara
Shuzo), 0.2 mmol/l dNTPs, 0.5 umol/l FUT8 gene-specific
primers (SEQID NOs:13 and 14) and 5% DMSO] containing
5 pl of 50 folds-diluted cDNA solution prepared from respec-
tive expression cell line in the above and 5 pl (10 fg) of the
plasmid for internal control. The PCR was carried out by
heating at 94° C. for 3 minutes and subsequent 32 cycles of
heating at 94° C. for 1 minute, 60° C. for 1 minute and 72° C.
for 1 minute as one cycle.

Also, PCR was carried out in a series of reaction in which
Sul (0.1 fg, 1 {g, 5 fg, 10 fg, 50 fg, 100 fg, 500 fg or 1 pg) of
the FUT8 standard plasmid was added instead of the each
expression cell line-derived cDNA, and used in the prepara-
tion of a calibration curve for the FUTS transcription amount.
In this case, 1 pg/ml baker’s yeast t-RNA (manufactured by
SIGMA) was used for the dilution of standard plasmid.

On the other hand, since it is considered that the f-actin
gene is transcribed constantly in each cell and its transcription
level is approximately the same between cells, the transcrip-
tion amount of the f-actin gene was determined as an index of
the efficiency of synthesis reaction of cDNA in each expres-
sion cell line.

YBAc-pBS, as a plasmid in which the ORF full sequence
of cDNA ofrat $-actin was inserted into pBluescript Il KS(+)
prepared in Example 9(3), was digested with restriction
enzymes HindIIT and Kpnl, and the obtained linear DNA was
used as the standard in the preparation of a calibration curve
for determining the [-actin gene transcription amount.

YBAcd-pBS obtained from the YBAc-pBS by deleting 180
bp between Dral and Dral of an inner nucleotide sequence of
rat B-actin was digested with restriction enzymes HindIII and
Kpnl, and the obtained linear DNA was used as the internal
standards for f-actin amount determination.
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PCR was carried out using a DNA polymerase ExTaq
(manufactured by Takara Shuzo) in 20 pl in total volume of a
reaction solution [ExTaq buffer (manufactured by Takara
Shuzo), 0.2 mmol/1 dNTPs, 0.5 umol/1 p-actin-specific prim-
ers (SEQ ID NOs:17 and 18) and 5% DMSO)] containing 5 pl
of'50 folds-diluted cDNA solution prepared from each of the
expression cell lines and 5 pl (1 pg) of the plasmid for internal
control. The PCR was carried out by heating at 94° C. for 3
minutes and subsequent 17 cycles of heating at 94° C. for 30
seconds, 65° C. for 1 minute and 72° C. for 2 minutes as one
cycle.

Also, PCR was carried out in a series of reaction in which
10 pg, 5 pg, 1 pg, 500 fg or 100 fg of the p-actin standard
plasmid was added instead of the each expression cell line-
derived cDNA, and used in the preparation of a calibration
curve for the f-actin transcription amount. In this case, 1
ng/ml baker’s yeast t-RNA (manufactured by SIGMA) was
used for diluting the standard plasmid.

By carrying out PCR using the primer set described in
Table 3, a DNA fragment having a size shown in the target
column of Table 3 can be amplified from each gene transcrip-
tion product and each standard, and a DNA fragment having
a size shown in the competitor column of Table 3 can be
amplified from each internal control.

Each (7 pl) of the solutions after PCR was subjected to a
1.75% agarose gel electrophoresis, and then the gel was
stained by soaking it for 30 minutes in 1x concentration
SYBR Green I Nucleic Acid Gel Stain (manufactured by
Molecular Probes). By calculating luminescence intensity of
each amplified DNA fragment using a fluoro-imager (Fluo-
rlmager SI; manufactured by Molecular Dynamics), the
amount of the amplified DNA fragment was measured.

The amount of an amplified product formed by PCR using
the standard plasmid as the template was measured by the
method, and a calibration curve was prepared by plotting the
measured values against the amounts of the standard plasmid.
Using the calibration curve, the amount of cDNA of a gene of
interest in each cell line was calculated from the amount of an
amplified product when each expression cell line-derived
c¢DNA was used as the template, and the amount was defined
as the mRNA transcription amount in each cell line.

FIG. 28 shows the FUTS transcription amounts as relative
values to the amount of f-actin transcription product. Three
cell lines mfFUTS8-1, mfFUTS8-2 and mfFUT8-4 and the
pAGE249-introduced cell line were cell lines having a rela-
tively small FUTS transcription amount, which was equiva-
lent to 0.3 to 10% of a f-actin transcription amount. On the
other hand, other three cell lines mfFUT8-3, mfFUT8-6 and
mfFUT8-7 were cell lines having a relatively large FUTS8
transcription amount, which was equivalent to 20 to 40% of a
[-actin transcription amount.

(4) Purification of Antibody Produced by a-1,6-Fucosyl-
transferase (FUT8) Gene Over-Expressing Cell Line

Each of the six FUT8 gene over-expressing cell lines and
one negative control cell line obtained in the item (2) was
suspended in Hybridoma-SFM medium (manufactured by
Life Technologies) supplemented with 200 nmol/l MTX, 0.5
mg/ml Hygromycin B (manufactured by Wako Pure Chemi-
cal Industries) and 0.2% BSA (manufactured by Life Tech-
nologies) to give a density of 2x10° cells/ml, and then 100 ml
in total of the suspension was inoculated into three T225
flasks for suspension cell culture use (manufactured by
IWAKI). After culturing them at 37° C. for 7 to 9 days ina 5%
CO, incubator, the number of intact cells was counted to
confirm that their viability was almost the same (each 30% or
less), and then each cell suspension was recovered. Each of
the cell suspensions was centrifuged at 3,000 rpm at 4° C. for
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10 minutes, and the recovered supernatant was centrifuged at
10,000 rpm at 4° C. for 1 hour and then filtered using PES
Filter Unit (manufactured by NALGENE) having a pore
diameter of 0.22 pm with 150 ml capacity.

Prosep-A HighCapacity (manufactured by bioPROCESS-
ING) was packed in a 0.8 cm diameter column to a thickness
of'2 cm and washed with 10 ml of 0.1 mol/l citrate buffer (pH
3.0) and 10 ml of 1 mol/l glycine/NaOH-0.15 mol/l NaCl
buffer (pH 8.6) in that order to effect equilibration the carrier.
Next, 100 ml of each of the culture supernatant was passed
through the column and washed with 50 ml of 1 mol/1 glycine/
NaOH-0.15 mol/l NaCl buffer (pH 8.6). After washing them,
the antibody absorbed to Prosep-A was eluted using 2.5 ml of
a 0.1 mol/1 citrate buffer (pH 3.0), the eluate was fractionated
at 500 pl and each fraction was neutralized by mixing with
100 pl of 2 mol/1 Tris-HC1 (pH 8.5). Two fractions containing
the antibody at a high concentration (1.2 ml in total) were
selected by the BCA method [Aral. Biochem., 150, 76
(1985)], combined and then dialyzed against 10 mol/1 citrate
buffer (pH 6.0) at 4° C. for a whole day and night. After the
dialysis, the antibody solution was recovered and subjected to
sterile filtration using a 0.22 um pore size Millex GV (manu-
factured by MILLIPORE).

(5) In Vitro Cytotoxic Activity (ADCC Activity) of Antibody
Produced by Mouse a-1,6-Fucosyltransferase (FUT8) Gene
Over-Expressing Cell Line

In order to evaluate in vitro cytotoxic activity of the anti-
GD3 antibodies purified in the item (4), ADCC activity was
measured using a GD3-positive cell, human melanoma cul-
tured cell line G-361 (RCB0991, Cell Bank at The Institute of
Physical and Chemical Research).

The G-361 cells subcultured in RPMI1640 medium
(manufactured by Life Technologies) containing 10% fetal
bovine serum (manufactured by Life Technologies) (herein-
after referred to as “RPMI1640-FBS(10)”) were suspended in
500 ul of RPMI1640-FBS(10) at a density of 1x10° cells, and
3.7 MBq of Na,”'CrO, was added thereto, followed by cul-
turing at 37° C. for 30 minutes for labeling the cells with a
radioisotope. After centrifugation at 1,200 rpm for 5 minutes,
the supernatant was discarded and the target cells were sus-
pended in 5 ml of RPMI1640-FBS(10). The washing step was
repeated three times and then the cell suspension was incu-
bated for 30 minutes on ice for spontaneous dissociation of
the radioactive substance. The washing step was again
repeated twice and then the cells were suspended in 5 ml of
RPMI1640-FBS(10) to thereby prepare 2x10° cells/ml of a
target cell suspension.

On the other hand, 30 ml of peripheral blood was collected
from a healthy person and gently mixed with 0.5 ml ofheparin
sodium (manufactured by Shimizu Pharmaceutical) and then
mixed with 30 ml of physiological saline (manufactured by
Otsuka Pharmaceutical). After the mixing, 10 ml of the mix-
ture was gently overlaid on 4 ml of Lymphoprep (manufac-
tured by NYCOMED PHARMA AS) and centrifuged at room
temperature at 2,000 rpm for 30 minutes. The separated
mononuclear cell fractions were collected from the centrifu-
gation tubes, combined and then suspended in 30 ml of
RPMI1640-FBS(10). After centrifugation at room tempera-
ture at 1,200 rpm for 5 minutes, the supernatant was discarded
and the cells were suspended in 20 ml of RPMI1640-FBS
(10). The washing step was repeated twice and then 2x10°
cells/ml of an effector cell suspension was prepared using
RPMI1640-FBS(10).

The target cell suspension was dispensed at 50 ul (1x10*
cells/well) into each well of a 96 well U-bottom plate (manu-
factured by Falcon). Subsequently, the effector cell suspen-
sion was dispensed at 100 ul (2x10° cells/well) into each well
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to thereby adjust the ratio of the effector cells to the target
cells to 20:1. Next, using a 10 M citrate buffer (pH 6.0), a
series of dilution solution of 0.01 pg/ml, 0.1 pg/ml, 1 pg/ml
and 10 pg/ml of each anti-GD3 antibody obtained in the item
(4) was prepared, and the diluted solutions were dispensed at
50 pl into the wells to give final concentrations of 0.0025
pg/ml, 0.025 pg/ml, 0.25 ng/ml and 2.5 pg/ml, respectively.
After carrying out the reaction at 37° C. for 4 hours in 5%
CO,, the plate was centrifuged at 1,200 rpm for 5 minutes.
Into a 12 mm diameter RIA tube (manufactured by IWAKI),
50 ul of the supernatant in each well was transferred and, and
the amount of the dissociated >*Cr was measured using
MINAX-y auto-gamma counter 5550 (manufactured by
PACKARD).

Also, the amount of the spontaneously dissociated >'Cr
was calculated by carrying out the same reaction in a reaction
mixture in which 150 pl of RPMI1640-FBS(10) was added
instead of the effector cell suspension and antibody solution.
The amount of the total dissociated °'Cr was calculated by
carrying out the same reaction in a reaction mixture in which
100 pl of 1 N hydrochloric acid and 50 pul of RPMI1640-FBS
(10) were added instead of the effector cell suspension and
antibody solution. Using these values, the ADCC activity was
calculated based on the formula (IT) described in the item 2(3)
of Example 2.

FIG. 29 shows ADCC activity of each of the anti-GD3
antibodies for G-361 cell. Three cell lines mfFUTS-1,
mfFUT8-2 and mfFUT8-4 having a low FUTS8 expression
level as shown in FIG. 28 showed potent ADCC activity
equivalent to that of the negative control pAGE249-intro-
duced cell line. On the other hand, other three cell lines
mfFUT8-3, mfFUTS8-6 and mfFUT8-7 having a high FUTS8
expression level as shown in FIG. 28 showed low ADCC
activity equivalent to that of the anti-GD3 antibody produced
from CHO cell. Based on these results, it was shown that the
ADCC activity of produced antibodies can be controlled by
regulating the expression level of FUTS in host cells.

(6) Sugar Chain Analysis of Antibody Produced by Mouse
a-1,6-Fucosyltransferase (FUT8) Gene Over-Expressing
Cell Line

Sugar chains of the anti-GD3 antibodies purified in the
item (4) were analyzed. The sugar chains binding to the
antibodies produced by mfFUT8-6 and pAGE249-introduced
cell lines were cleaved from proteins by subjecting the anti-
bodies to hydrazinolysis [Method of Enzymology, 83, 263
(1982)]. After removing hydrazine by evaporation under a
reduced pressure, N-acetylation was carried out by adding an
aqueous ammonium acetate solution and acetic anhydride.
After freeze-drying, fluorescence labeling by 2-aminopyri-
dine [J. Biochem., 95, 197 (1984)] was carrying out. A fluo-
rescence-labeled sugar chain group (PA-treated sugar chain
group) was separated from excess reagents using Superdex
Peptide HR 10/30 column (manufactured by Pharmacia). The
sugar chain fractions were dried using a centrifugation con-
centrator and used as a purified PA-treated sugar chain group.
Next, the purified PA-treated sugar chain group was subjected
to reverse phase HPLC analysis using a CLC-ODS column
(manufactured by Shimadzu) (FIG. 30). When calculated
from the peak area, the content of a-1,6-fucose-free sugar
chains in mfFUT8-6 was 10%, and the content of a-1,6-
fucose-bound sugar chains was 90%. The content of a-1,6-
fucose-free sugar chains in pAGE249 was 20%, and the con-
tent of a-1,6-fucose-bound sugar chains was 80%. Based on
these results, it was found that the content of a-1,6-fucose-
bound sugar chains of a produced antibody is increased by
over-expressing the FUT8 gene.
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FIG. 30 shows clution patterns obtained by carrying out
reverse phase HPLC analysis of each of PA-treated sugar
chains prepared from antibodies produced by mfFUTS8-6 and
pAGE249-introduced cell lines. FIGS. 30A and 30B show
elution patterns of mfFUT8-6 and pAGE249, respectively.
The relative fluorescence intensity and the elution time are
plotted as the ordinate and the abscissa, respectively. Using a
sodium phosphate buffer (pH 3.8) as buffer A and a sodium
phosphate buffer (pH 3.8)+0.5% 1-butanol as buffer B, the
analysis was carried out by the following gradient.

80
60

90 90.1 120
60 0 0

Time (minute) 0
Buffer B (%) 0

Peaks (i) to (ix) shown in FIG. 30 and FIG. 31 show the
following structures.

GlecNAcfB1-2Manal

6

l\gla.nﬁ 1-4GleNAcp1-4GlcNAc-PA
GlecNAcfB1-2Manal

(i)
Galp1-4GleNAcp1-2Manal

I\ZIan[S1—4GlcNAc[51—4GlcNAc—PA
GleNAcB1-2Manal
(ii)
GleNAcB1-2Manal
I\ZIan[S1—4GlcNAc[51—4GlcNAc—PA
Galp1-4GlcNAcBl-2Manal

(iv)
Galp1-4GleNAcp1-2Manal

6
1\/3[&11[51 -4GlcNAcPB1-4GlcNAc-PA
Galp1-4GleNAcpl-2Manal

™)

GleNAcp1-2Manal Fucal

6 6
1\/%&n[51-4GlcNAc[51 -4GleNAc-PA

GlcNAcfB1-2Manal

i)

Galpl-4GleNAcpl-2Manal Fucal

6 6
1\/3[&11[31—4GlcNAc[51—4GlcNAc—PA
GleNAcpl-2Manal
(vil)
GleNAcp1-2Manal Fucal
6 6
l\gan[i1—4GlcNAc[51—4GlcNAc—PA
Galpl-4GleNAcpl-2Manal
(viii)
Galpl-4GleNAcpl-2Manal Fucal
6
Manp1-4GlcNAcpl-4GleNAc-PA
3
Galpl-4GleNAcpl-2Manal
(%)

GleNAcp1-2Manal Fucal
6 6
GleNAcp1-4Manpl-4GleNAcp1-4GlcNAc-PA
3

GlecNAcfB1-2Manal

GleNAc, Gal, Man, Fuc and PA indicate N-acetylglu-
cosamine, galactose, mannose, fucose and a pyridylamino
group, respectively. In FIGS. 30 and 31, the ratio of the
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a-1,6-fucose-free sugar chain group was calculated from the
area occupied by the peaks (i) to (iv) among (i) to (ix), and the
ratio of the a-1,6-fucose-bound sugar chain group from the
area occupied by the peaks (v) to (ix) among (i) to (ix).

Example 12

Preparation of CHO Cell a-1,6-fucosyltransferase
(FUTR) Gene

(1) Preparation of CHO Cell «-1,6-Fucosyltransferase
(FUTR) cDNA Sequence

From a single-stranded cDNA prepared from CHO/DG44
cells on the 2nd day of culturing in Example 9(1), Chinese
hamster FUT8 ¢cDNA was obtained by the following proce-
dure (FIG. 32).

First, a forward primer specific for a 5'-terminal non-trans-
lation region (shown in SEQ ID NO:21) and a reverse primer
specific for a 3'-terminal non-translation region (shown in
SEQ ID NO:22) were designed from a mouse FUT8 ¢cDNA
sequence (GenBank, AB025198).

Next, 25 pl of a reaction solution [ExTaq buffer (manufac-
tured by Takara Shuzo), 0.2 mmol/l dNTPs, 4% DMSO and
0.5 umol/1 specific primers (SEQ ID NOs:21 and 22)] con-
taining 1 pl of the CHO/DG44 cell-derived cDNA was pre-
pared and PCR was carried out using a DNA polymerase
ExTaq (manufactured by Takara Shuzo). The PCR was car-
ried out by heating at 94° C. for 1 minute, subsequent 30
cycles of heating at 94° C. for 30 seconds, 55° C. for 30
seconds and 72° C. for 2 minutes as one cycle, and final
heating at 72° C. for 10 minutes.

After the PCR, the reaction solution was subjected to 0.8%
agarose gel electrophoresis, and a specific amplified fragment
of'about 2 Kb was purified. Into a plasmid pCR2.1, 4 ul of the
DNA fragment was employed to insert in accordance with the
instructions attached to TOPO TA Cloning Kit (manufactured
by Invitrogen), and E. coli DH5c was transformed with the
reaction solution. Plasmid DNAs were isolated in accordance
with a known method from cDNA-inserted 8 clones among
the obtained kanamycin-resistant colonies.

The nucleotide sequence of each ¢cDNA inserted into the
plasmid was determined using DNA Sequencer 377 (manu-
factured by Parkin Elmer) and BigDye Terminator Cycle
Sequencing FS Ready Reaction Kit (manufactured by Parkin
Elmer) in accordance with the method of the manufacture’s
instructions. It was confirmed by the method that all of the
inserted cDNAs encode a sequence containing the full ORF
of CHO cell FUT8. Among these, a plasmid DNA containing
absolutely no reading error of bases by the PCR in the
sequences was selected. Herein, the plasmid is referred to as
CHfFUT8-pCR2.1. The determined nucleotide sequence and
the amino acid sequence of the cDNA of CHO FUTS are
shown in SEQ ID NOs:1 and 23, respectively.

(2) Preparation of CHO Cell «-1,6-Fucosyltransferase
(FUT8) Genomic Sequence

Using the ORF full length ¢cDNA fragment of CHO cell
FUTS obtained in the item (1) as a probe, a CHO cell FUT8
genomic clone was obtained in accordance with a known
genome screening method described, e.g., in Molecular
Cloning, Second Edition, Current Protocols in Molecular
Biology, A Laboratory Manual, Second Edition (1989). Next,
after digesting the obtained genomic clone using various
restriction enzymes, the Southern hybridization was carried
outusing an Afal-Sau3 Al fragment (about 280 bp) containing
initiation codon of the CHO cell FUT8 ¢cDNA as a probe, and
then a Xbal-Xbal fragment (about 2.5 Kb) and a SacI-Sacl
fragment (about 6.5 Kb) were selected from restriction
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enzyme fragments showing positive reaction, inserted into
pBluescript I KS(+) (manufactured by Stratagene), respec-
tively.

The nucleotide sequence of each of the obtained genomic
fragments was determined using DNA Sequencer 377 (manu-
factured by Parkin Elmer) and BigDye Terminator Cycle
Sequencing FS Ready Reaction Kit (manufactured by Parkin
Elmer) in accordance with the method of the manufacture’s
instructions. Thereby, it was confirmed that the Xbal-Xbal
fragment encodes a sequence of an upstream intron of about
2.5 Kb containing exon 2 of the CHO cell FUTS, and the
Sacl-Sacl fragment encodes a sequence of a downstream
intron of about 6.5 Kb containing exon 2 of the CHO cell
FUTS. Herein, the plasmid containing Xbal-Xbal fragment is
referred to as pFUT8fgE2-2, and the plasmid containing
Sacl-Sacl fragment is referred to as pFUT8{gE2-4. The deter-
mined nucleotide sequence (about 9.0 Kb) of the genome
region containing exon 2 of the CHO cell FUTR8 is shown in
SEQ ID NO:3.

Example 13

Preparation of CHO Cell in which a-1,6-fucose
Transferase Gene is Disrupted and Production of
Antibody Using the Cell

A CHO cell from which the genome region comprising the
CHO cell a-1,6-fucosyltransferase (FUT8) gene exon 2 was
deleted was prepared and the ADCC activity of an antibody
produced by the cell was evaluated.

1. Construction of Chinese hamster a-1,6-fucosyltransferase
(FUTR) gene exon 2 targeting vector plasmid pKOFUT8Puro
(1) Construction of Plasmid ploxPPuro

A plasmid ploxPPuro was constructed by the following
procedure (FIG. 33).

In 35 pl of NEBuffer 4 (manufactured by New England
Biolabs), 1.0 pg of a plasmid pKOSelectPuro (manufactured
by Lexicon) was dissolved, and 20 units of a restriction
enzyme Ascl (manufactured by New England Biolabs) were
added thereto, followed by digestion reaction at 37° C. for 2
hours. After the digestion reaction, the solution was subjected
to 0.8% (w/v) agarose gel electrophoresis to purify a DNA
fragment of about 1.5 Kb containing a puromycin resistance
gene expression unit.

On the other hand, 1.0 pug of a plasmid ploxP described in
Japanese Published Examined Patent Application No.
314512/99 was dissolved in 35 pl of NEBuffer 4 (manufac-
tured by New England Biolabs), and 20 units of a restriction
enzyme Ascl (manufactured by New England Biolabs) were
added thereto, followed by digestion reaction at 37° C. for 2
hours. After the digestion reaction, the solution was subjected
to 0.8% (w/v) agarose gel electrophoresis to purify a DNA
fragment of about 2.0 Kb.

The obtained Ascl-Ascl fragment (4.5 pl, about 1.5 Kb)
derived from the plasmid pKOSelectPuro, 0.5 pl of the Ascl-
Ascl fragment (about 2.0 Kb) derived from the plasmid ploxP
and 5.0 pl of Ligation High (manufactured by Toyobo) were
mixed, followed by ligation reaction at 16° C. for 30 minutes.
E. coli DH5o was transformed using the reaction solution,
and a plasmid DNA was isolated in accordance with a known
method from the obtained ampicillin-resistant clones. Herein,
the plasmid is referred to as ploxPPuro.

(2) Construction of Plasmid pKOFUT8gE2-1

A plasmid pKOFUT8gE2-1 was constructed by the follow-
ing procedure (FIG. 34), using the plasmid pFUT8fgE2-2
obtained in Example 12(2) having a genome region compris-
ing exon 2 of Chinese hamster FUTS.
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In 35 pl of NEBuffer 1 (manufactured by New England
Biolabs) containing 100 pg/ml of BSA (manufactured by
New England Biolabs), 2.0 pug of the plasmid pFUT8fgE2-2
was dissolved, and 20 units of a restriction enzyme Sacl
(manufactured by New England Biolabs) were added thereto,
followed by digestion reaction at 37° C. for 2 hours. A DNA
fragment was recovered from the reaction solution by ethanol
precipitation and dissolved in 35 pl of NEBufter 2 (manufac-
tured by New England Biolabs) containing 100 ug/ml of BSA
(manufactured by New England Biolabs), and 20 units of a
restriction enzyme EcoRV (manufactured by New England
Biolabs) were added thereto, followed by digestion reaction
at37° C. for 2 hours. After the digestion reaction, the solution
was subjected to 0.8% (w/v) agarose gel electrophoresis to
purity a DNA fragment of about 1.5 Kb.

Separately, 1.0 pg of a plasmid LITMUS28 (manufactured
by New England Biolabs) was dissolved in 35 ul of NEBuffer
1 (manufactured by New England Biolabs) containing 100
ng/ml of BSA (manufactured by New England Biolabs), and
20 units of a restriction enzyme Sacl (manufactured by New
England Biolabs) were added thereto, followed by digestion
reaction at 37° C. for 2 hours. A DNA fragment was recovered
from the reaction solution by ethanol precipitation and dis-
solvedin 35 ul of NEBuffer 2 (manufactured by New England
Biolabs) containing 100 pg/ml of BSA (manufactured by
New England Biolabs), and 20 units of a restriction enzyme
EcoRV (manufactured by New England Biolabs) were added
thereto, followed by digestion reaction at 37° C. for 2 hours.
After the digestion reaction, the solution was subjected to
0.8% (w/v) agarose gel electrophoresis to purify a DNA frag-
ment of about 2.8 Kb.

The obtained EcoRV-Sacl fragment (4.5 pl, about 1.5 Kb)
derived from the plasmid pFUT8fgE2-2, 0.5 ul of the EcoRV-
Sacl fragment (about 2.8 Kb) derived from the plasmid LIT-
MUS28 and 5.0 pl of Ligation High (manufactured by
Toyobo) were mixed, followed by ligation reaction at 16° C.
for 30 minutes. E. coli DH5a. was transformed using the
reaction solution, and a plasmid DNA was isolated in accor-
dance with a known method from the obtained ampicillin-
resistant clones. Herein, the plasmid is referred to as
pKOFUT8gE2-1.

(3) Construction of Plasmid pKOFUT8gE2-2

A plasmid pKOFUT8gE2-2 was constructed by the follow-
ing procedure (FIG. 35), using the plasmid pKOFUT8gE2-1
obtained in the item (2).

In 30 pl of NEBuffer 2 (manufactured by New England
Biolabs) containing 100 pg/ml of BSA (manufactured by
New England Biolabs), 2.0 ng of the plasmid
pKOFUT8gE2-1 was dissolved, and 20 units of a restriction
enzyme EcoRV (manufactured by New England Biolabs)
were added thereto, followed by digestion reaction at 37° C.
for 2 hours. A DNA fragment was recovered from the reaction
solution by ethanol precipitation and dissolved in 30 pl of
NEBuffer 1 (manufactured by New England Biolabs) con-
taining 100 pg/ml of BSA (manufactured by New England
Biolabs), and 20 units of a restriction enzyme Kpnl (manu-
factured by New England Biolabs) were added thereto, fol-
lowed by digestion reaction at 37° C. for 2 hours. After the
digestion reaction, the solution was subjected to 0.8% (w/v)
agarose gel electrophoresis to purify a DNA fragment of
about 1.5 Kb.

Separately, 1.0 pg of the plasmid ploxPPuro was dissolved
in 30 pl of NEBuffer 4 (manufactured by New England
Biolabs), and 20 units of a restriction enzyme Hpal (manu-
factured by New England Biolabs) were added thereto, fol-
lowed by digestion reaction at 37° C. for 2 hours. A DNA
fragment was recovered from the reaction solution by ethanol
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precipitation and dissolved in 30 ul of NEBufter 1 (manufac-
tured by New England Biolabs) containing 100 ug/ml of BSA
(manufactured by New England Biolabs), and 20 units of a
restriction enzyme Kpnl (manufactured by New England
Biolabs) were added thereto, followed by digestion reaction
at37° C. for 2 hours. After the digestion reaction, the solution
was subjected to 0.8% (w/v) agarose gel electrophoresis to
purity a DNA fragment of about 3.5 Kb.

A 4.0 Wl portion of the obtained EcoRV-Kpnl fragment
(about 1.5 Kb) derived from the plasmid pKOFUT8gE2-1,
1.0 pl of the Hpal-Kpnl fragment (about 3.5 Kb) derived from
the plasmid ploxPPuro and 5.0 ul of Ligation High (manu-
factured by Toyobo) were mixed and allowed to undergo the
ligation reaction at 16° C. for 30 minutes. £. coli DH5a was
transformed using the reaction solution, and a plasmid DNA
was isolated in accordance with a known method from the
obtained ampicillin-resistant clones. Herein, the plasmid is
referred to pKOFUT8gE2-2.

(4) Construction of Plasmid pscFUT8gE2-3

A plasmid pscFUT8gE2-3 was constructed by the follow-
ing procedure (FIG. 36), using the plasmid pFUT8fgE2-4
obtained in Example 12(2) having a genome region compris-
ing exon 2 of Chinese hamster FUTS.

In 35 pl of NEBuffer 1 (manufactured by New England
Biolabs), 2.0 ug of the plasmid pFUT8fgE2-4 was dissolved,
and 20 units of a restriction enzyme Hpall (manufactured by
New England Biolabs) were added thereto, followed by
digestion reaction at 37° C. for 2 hours. A DNA fragment was
recovered from the reaction solution by ethanol precipitation,
and then the DNA termini were changed to blunt ends using
Blunting High (manufactured by Toyobo) in accordance with
the manufacture’s instructions. The DNA fragment was
recovered by carrying out phenol/chloroform extraction and
ethanol precipitation and dissolved in 35 ul of NEBuffer 2
(manufactured by New England Biolabs), and 20 units of a
restriction enzyme HindIIl (manufactured by New England
Biolabs) were added thereto, followed by digestion reaction
at37° C. for 2 hours. After the digestion reaction, the solution
was subjected to 0.8% (w/v) agarose gel electrophoresis to
purity a DNA fragment of about 3.5 Kb.

On the other hand, 1.0 ug of a plasmid LITMUS39 (manu-
factured by New England Biolabs) was dissolved in 35 ul of
NEBuffer 2 (manufactured by New England Biolabs), and the
solution was mixed with 20 units of a restriction enzyme
EcoRV (manufactured by New England Biolabs) and 20 units
of a restriction enzyme HindIll (manufactured by New
England Biolabs) and subjected to the digestion reaction at
37° C. for 2 hours. After the digestion reaction, the solution
was subjected to 0.8% (w/v) agarose gel electrophoresis to
purity a DNA fragment of about 2.8 Kb.

The obtained Hpall-HindIII fragment (4.0 ul, about 3.5
Kb) derived from the plasmid pFUT8fgE2-4, 1.0 pul of the
EcoRV-HindIII fragment (about 2.8 Kb) derived from the
plasmid LITMUS39 and 5.0 ul of Ligation High (manufac-
tured by Toyobo) were mixed, followed by ligation reaction at
16° C. for 30 minutes. E. co/i DHS5a was transformed using
the reaction solution, and a plasmid DNA was isolated in
accordance with a known method from the obtained ampicil-
lin-resistant clones. Herein, the plasmid is referred to
pscFUT8gE2-3.

(5) Construction of Plasmid pKOFUT8gE2-3

A plasmid pKOFUT8gE2-3 was constructed by the follow-
ing procedure (FIG. 37), using the plasmid pFUT8fgE2-4
obtained in Example 12(2) having a genome region compris-
ing exon 2 of Chinese hamster FUTS.

In 35 pl of NEBuffer for EcoRI (manufactured by New
England Biolabs), 2.0 pg of the plasmid pFUT8fgE2-4 was
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dissolved, and 20 units of a restriction enzyme EcoRI (manu-
factured by New England Biolabs) and 20 units of a restric-
tion enzyme HindIll (manufactured by New England
Biolabs) were added thereto, followed by digestion reaction
at37° C. for 2 hours. After the digestion reaction, the solution
was subjected to 0.8% (w/v) agarose gel electrophoresis to
purity a DNA fragment of about 1.8 Kb.

Separately, 1.0 ng of a plasmid pBluescript II KS(+)
(manufactured by Stratagene) was dissolved in 35 pl of NEB-
uffer for EcoRI (manufactured by New England Biolabs), and
20 units of arestriction enzyme EcoRI (manufactured by New
England Biolabs) and 20 units of a restriction enzyme HindIII
(manufactured by New England Biolabs) were added thereto,
followed by digestion reaction at 37° C. for 2 hours. After the
digestion reaction, the solution was subjected to 0.8% (w/v)
agarose gel electrophoresis to purify a DNA fragment of
about 3.0 Kb.

The obtained HindIII-EcoRI fragment (4.0 pl, about 1.8
Kb) derived from the plasmid pFUT8fgE2-4, 1.0 pul of the
HindIII-EcoRI fragment (about 3.0 Kb) derived from the
plasmid pBluescript 11 KS(+) and 5.0 pl of Ligation High
(manufactured by Toyobo) were mixed, followed by ligation
reaction at 16° C. for 30 minutes. E. coli DH5c. was trans-
formed using the reaction solution, and a plasmid DNA was
isolated in accordance with a known method from the
obtained ampicillin-resistant clones. Herein, the plasmid is
referred to pKOFUT8gE2-3.

(6) Construction of Plasmid pKOFUT8gE2-4

A plasmid pKOFUT8gE2-4 was constructed by the follow-
ing procedure (FIG. 38), using the plasmids pscFUT8fgE2-3
and pKOFUT8gE2-3 obtained in the items (4) and (5).

In 35 pl of NEBuffer for Sall (manufactured by New
England Biolabs) containing 100 pg/ml of BSA (manufac-
tured by New England Biolabs), 1.0 pug of the plasmid
pscFUT8gE2-3 was dissolved, and 20 units of a restriction
enzyme Sall (manufactured by New England Biolabs) were
added thereto, followed by digestion reaction at 37° C. for 2
hours. A DNA fragment was recovered from the reaction
solution by ethanol precipitation and dissolved in 30 pl of
NEBuffer 2 (manufactured by New England Biolabs) con-
taining 100 pg/ml of BSA (manufactured by New England
Biolabs), and 20 units of a restriction enzyme HindIII (manu-
factured by New England Biolabs) were added thereto, fol-
lowed by digestion reaction at 37° C. for 2 hours. After the
digestion reaction, the solution was subjected to 0.8% (w/v)
agarose gel electrophoresis to purify a DNA fragment of
about 3.6 Kb.

Separately, 1.0 pg of the plasmid pKOFUT8gE2-3 was
dissolved in 35 pl of NEBuffer for Sall (manufactured by
New England Biolabs), and 20 units of a restriction enzyme
Sall (manufactured by New England Biolabs) were added
thereto, followed by digestion reaction at 37° C. for 2 hours.
A DNA fragment was recovered from the reaction solution by
ethanol precipitation and dissolved in 35 pl of NEBuffer 2
(manufactured by New England Biolabs), and 20 units of a
restriction enzyme HindIII (manufactured by New England
Biolabs) were added thereto, followed by digestion reaction
at 37° C. for 2 hours. After the digestion reaction, 35 ul of 1
mol/l Tris-HCI buffer (pH 8.0) and 3.5 pl of E. coli C15-
derived alkaline phosphatase (manufactured by Takara
Shuzo) were added thereto, followed by reaction at 65° C. for
30 minutes to dephosphorylate the DNA termini. After the
dephosphorylation treatment, a DNA fragment was recov-
ered by carrying out phenol/chloroform extraction and etha-
nol precipitation and dissolved in 10 ul of sterile water.

The obtained Sall-HindIII fragment (4.0 ul, about 3.1 Kb)
derived from the plasmid pscFUT8gE2-3, 1.0 ul of the Sall-
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HindIII fragment (about 4.8 Kb) derived from the plasmid
pKOFUTS8gE2-3 and 5.0 pl of Ligation High (manufactured
by Toyobo) were mixed, followed by ligation reaction at 16°
C. for 30 minutes. E. col/i DH5a was transformed using the
reaction solution, and a plasmid DNA was isolated in accor-
dance with a known method from the obtained ampicillin-
resistant clones. Herein, the plasmid is referred to
pKOFUT8gE2-4.

(7) Construction of Plasmid pKOFUT8gE2-5

A plasmid pKOFUT8gE2-5 was constructed by the follow-
ing procedure (FIG. 39), using the plasmids pKOFUT8gE2-2
and pKOFUT8gE2-4 obtained in the items (3) and (6).

In 30 pl of NEBuffer 4 (manufactured by New England
Biolabs), 1.0 ug of the plasmid pKOFUT8gE2-2 was dis-
solved, and 20 units of a restriction enzyme Smal (manufac-
tured by New England Biolabs) were added thereto, followed
by digestion reaction at 25° C. for 2 hours. A DNA fragment
was recovered from the reaction solution by ethanol precipi-
tation and dissolved in 30 pl of NEBuffer 2 (manufactured by
New England Biolabs), and 20 units of a restriction enzyme
BamHI (manufactured by New England Biolabs) were added
thereto, followed by digestion reaction at 37° C. for 2 hours.
After the digestion reaction, 30 pl of 1 mol/l Tris-HCI buffer
(pH 8.0) and 3.0 ul of E. coli C15-derived alkaline phos-
phatase (manufactured by Takara Shuzo) were added thereto,
followed by reaction at 65° C. for 1 hour to dephosphorylate
the DNA termini. After the dephosphorylation treatment, the
DNA fragment was recovered by carrying out phenol/chlo-
roform extraction and ethanol precipitation and dissolved in
10 pl of sterile water.

Separately, 1.0 pg of the plasmid pKOFUT8gE2-4 was
dissolved in 30 pl of NEBuffer 4 (manufactured by New
England Biolabs), and 20 units of a restriction enzyme Smal
(manufactured by New England Biolabs) were added thereto,
followed by digestion reaction at 25° C. for 2 hours. A DNA
fragment was recovered from the reaction solution by ethanol
precipitation and dissolved in 30 pul of NEBufter 2 (manufac-
tured by New England Biolabs), and 20 units of a restriction
enzyme BamHI (manufactured by New England Biolabs)
were added thereto, followed by digestion reaction at 37° C.
for 2 hours. After the digestion reaction, the solution was
subjected to 0.8% (w/v) agarose gel electrophoresis to purify
a DNA fragment of about 5.2 Kb.

The obtained Smal-BamHI fragment (0.5 ul, about 5.0 Kb)
derived from the plasmid pKOFUT8gE2-2, 4.5 ul of the
Smal-BamHI fragment (about 5.4 Kb) derived from the plas-
mid pKOFUT8gE2-4 and 5.0 pl of Ligation High (manufac-
tured by Toyobo) were mixed, followed by ligation reaction at
16° C. for 15 hours. E. coli DH50. was transformed using the
reaction solution, and a plasmid DNA was isolated in accor-
dance with a known method from the obtained ampicillin-
resistant clones. Herein, the plasmid is referred to
pKOFUT8gE2-5.

(8) Construction of Plasmid pKOFUT8Puro

A plasmid pKOFUT8Puro was constructed by the follow-
ing procedure (FI1G. 40), using the plasmid pKOFUT8gE2-5
obtained in the item (7).

In 50 pl of NEBuffer 4 (manufactured by New England
Biolabs), 1.0 pug of a plasmid pKOSelectDT (manufactured
by Lexicon) was dissolved, and 16 units of a restriction
enzyme Rsrll (manufactured by New England Biolabs) were
added thereto, followed by digestion reaction at 37° C. for 2
hours. After the digestion reaction, the solution was subjected
to 0.8% (w/v) agarose gel electrophoresis to purify a DNA
fragment of about 1.2 Kb comprising a diphtheria toxin
expression unit.



US 9,409,982 B2

103

Separately, 1.0 pg of the plasmid pKOFUT8gE2-5 was
dissolved in 50 pl of NEBuffer 4 (manufactured by New
England Biolabs), and 16 units of a restriction enzyme Rsrll
(manufactured by New England Biolabs) were added thereto,
followed by digestion reaction at 37° C. for 2 hours. After the
digestion reaction, 30 pl of 1 mol/l Tris-HCI buffer (pH 8.0)
and 3.0 pl of £. coli C15-derived alkaline phosphatase (manu-
factured by Takara Shuzo) were added thereto, followed by
reaction at 65° C. for 1 hour to dephosphorylate the DNA
termini. After the dephosphorylation treatment, the DNA
fragment was recovered by carrying out phenol/chloroform
extraction and ethanol precipitation and dissolved in 10 pl of
sterile water.

The obtained RsrlI-Rsrll fragment (1.0 ul, about 1.2 Kb)
derived from the plasmid pKOSelectDT, 1.0 pl of the Rsrll-
Rsrll fragment (about 10.4 Kb) derived from the plasmid
pKOFUT8gE2-5, 3.0 ul of sterile water and 5.0 ul of Ligation
High (manufactured by Toyobo) were mixed, followed by
ligation reaction at 16° C. for 30 minutes. £. coli DH5a was
transformed using the reaction solution, and a plasmid DNA
was isolated in accordance with a known method from the
obtained ampicillin-resistant clones. Herein, the plasmid is
referred to pKOFUT8Puro.

2. Preparation of CHO Cell in which One Copy of the
Genome Region Containing o-1,6-Fucosyltransferase
(FUTR) Gene Exon 2 was Disrupted
(1) Introduction of Targeting Vector

A Chinese hamster FUT8 genome region targeting vector
pKOFUTS8Puro constructed in the item 1 of this Example was
introduced into the strain 5-03 prepared in the item 1(2) of
Example 8.

A gene of the plasmid pKOFUT8Puro was introduced into
the strain 5-03 as described below in accordance with the
electroporation method [Cyftotechnology, 3, 133 (1990)].
First, 150 pg of the plasmid pKOFUT8Puro was dissolved in
1.8 ml of NEBuffer for Sall (manufactured by New England
Biolabs), and 600 units of a restriction enzyme Sall (manu-
factured by New England Biolabs) were added thereto, fol-
lowed by digestion reaction at 37° C. for 5 hours to obtain a
linear fragment. The reaction solution was extracted with
phenol/chloroform extraction, followed by ethanol precipita-
tion, and the recovered linear plasmid was made into a 1 pg/ul
aqueous solution. Separately, the strain 5-03 was suspended
in a K-PBS buffer (137 mmol/l1 KCl, 2.7 mmol/l NaCl, 8.1
mmol/l Na,HPO,, 1.5 mmol/l KH,PO,, 4.0 mmol/1 MgCl,)
to give a density of 8x107 cells/ml. After mixing 200 ul of the
cell suspension (1.6x10° cells) with 4 ul (4 ug) of the linear
plasmid, an entire volume of the cell-DNA mixture was trans-
ferred into Gene Pulser Cuvette (inter-electrode distance, 2
mm) (manufactured by BIO-RAD) and then the electropora-
tion was carried out using a cell fusion apparatus Gene Pulser
(manufactured by BIO-RAD) at 350 V pulse voltage and 250
WE electric capacity. After carrying out the electroporation
using 30 cuvettes in the same manner, the cell suspension was
suspended in IMDM medium (manufactured by Life Tech-
nologies) supplemented with 10% fetal bovine serum (manu-
factured by Life Technologies) and 1x concentration HT
supplement (manufactured by Life Technologies) and inocu-
lated into 30 adhesion cell culture dishes of 10 cm in diameter
(manufactured by Falcon). After culturing them at 37° C. for
24 hours in 5% CO.,, the culture supernatant was removed,
and IMDM medium (manufactured by Life Technologies)
supplemented with 15 pg/ml puromycin (manufactured by
SIGMA) and 10% fetal bovine dialyzed serum (manufac-
tured by Life Technologies) was dispensed in 10 ml portions.
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After culturing them for 10 days while repeating the medium
exchange at intervals of 3 to 4 days, puromycin-resistant cell
lines were obtained.

(2) Preparation of Targeting Vector-Introduced Cell Lines

Arbitrary 900 colonies were obtained as follows from the
puromycin-resistant cell lines obtained in the item (1).

First, culture supernatant was removed from the 10 cm dish
in which colony of puromycin-resistant cell lines were
formed and 7 ml of a phosphate buffer was added to the dish
which was subsequently set under a stereoscopic microscope.
Next, each colony was scratched and sucked up using Pipette-
man (manufactured by GILSON) and transferred into a 96
well round-bottom plate (manufactured by Falcon). After a
trypsin-treatment, each clone was inoculated into a 96 well
flat-bottom plate for adhesion cell culture use (manufactured
by Iwaki Glass) and cultured for 1 week using IMDM
medium (manufactured by Life Technologies) supplemented
with 15 pg/ml puromycin (manufactured by SIGMA) and
10% fetal bovine dialyzed serum (manufactured by Life
Technologies).

After culturing them, each clone in the plate was subjected
to trypsin treatment and then mixed with two volumes of a
freeze drying medium (20% DMSO, 40% fetal bovine serum,
40% IMDM). A half of the mixture was inoculated into a 96
well flat-bottom plate for adhesion cell culture (manufactured
by Iwaki Glass) as areplica plate, while the remaining half of
the mixture was subjected to cryopreservation as master
plates. The replica plate was cultured for 1 week using IMDM
medium (manufactured by Life Technologies) supplemented
with 15 pg/ml of puromycin (manufactured by SIGMA) and
10% fetal bovine dialyzed serum (manufactured by Life
Technologies).

(3) Diagnosis of Homologous Recombination by Genomic
PCR

Diagnosis of homologous recombination in the 900 clones
obtained in the item (2) was carried out by genomic PCR.

First, genome DNA of each clone was prepared from the
replica plate prepared in the item (2) in accordance with a
known method [Aralytical Biochemistry, 201, 331 (1992)]
and dissolved overnight in 30 pl of a TE-RNase buffer (pH
8.0) (10 mmol/1 Tris-HCl, 1 mmol/1 EDTA, 200 pg/ml RNase
A). Also, a primer (shown in SEQ ID NO:26) which binds to
a sequence outside the targeting vector homologous region
among the FUT8 genome region obtained in Example 12 and
a primer (shown in SEQ ID NO:27) which binds to the loxP
sequence in the vector were designed.

Using a DNA polymerase ExTaq (manufactured by Takara
Shuzo), 25 ul of a reaction solution [ExTaq buffer (manufac-
tured by Takara Shuzo), 0.2 mmol/l dNTPs and 0.5 umol/1
gene-specific primers (SEQ ID NO:26 and SEQ ID NO:27)]
containing 10 pl of each the above-prepared genome DNA
solution were prepared, and polymerase chain reaction (PCR)
was carried out. The PCR was carried out by heating at 94° C.
for 3 minutes and subsequent 38 cycles of heating using the
reaction at 94° C. for 1 minute, 60° C. for 1 minute and 72° C.
for 2 minutes as one cycle.

After the PCR, the reaction solution was subjected to 0.8%
(w/v) agarose gel electrophoresis, and a specifically amplify-
ing fragment of about 1.7 Kb containing a border region
between the CHO cell genome region and the targeting vector
homologous region was identified as a positive clone. One
positive clone was found by the method.

(4) Diagnosis of Homologous Recombination by Genome
Southern Blotting

Diagnosis of homologous recombination in the 1 clone,
whose positive signal was confirmed in the item (3), was
carried out by genome Southern blotting.
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Among the master plates cryo-preserved in the item (2), a
96 well plate containing the positive clone found in the item
(3) was selected and incubated at 37° C. for 10 minutes in 5%
CO,. After the incubation, cells were collected from a well
corresponding to the positive clone and inoculated into a 24
well flat bottom plate for adhesion cell (manufactured by
Greiner). After culturing them for 1 week using IMDM
medium (manufactured by Life Technologies) supplemented
with 15 pg/ml of puromycin (manufactured by SIGMA) and
10% fetal bovine dialyzed serum (manufactured by Life
Technologies), the cells were inoculated into a 6 well flat
bottom plate for adhesion cell (manufactured by Greiner).
Genome DNA was prepared from the clone in the plate in
accordance with a known method [Nucleic Acids Research, 3,
2303 (1976)] and dissolved overnight in 150 pl of a TE-
RNase buffer (pH 8.0) (10 mmol/l Tris-HCL, 1 mmol/1 EDTA,
200 pg/ml RNase A).

In 120 pl of NEBuffer 3 (manufactured by New England
Biolabs), 12 pg of the obtained genome DNA was dissolved,
and 25 unites of a restriction enzyme Pstl (manufactured by
New England Biolabs) were added thereto, followed by
digestion reaction at 37° C. overnight. A DNA fragment was
recovered from the reaction solution by ethanol precipitation,
dissolved in 20 pl of TE bufter (pH 8.0) (10 mmol/l Tris-HCI,
1 mmol/l EDTA) and then subjected to 0.8% (w/v) agarose
gel electrophoresis. After the electrophoresis, the genome
DNA was transferred onto a nylon membrane in accordance
with a known method [Proc. Natl. Acad. Sci. USA, 76, 3683
(1979)]. After completion of the transfer, the nylon mem-
brane was heated at 80° C. for 2 hours.

Separately, a probe used in the Southern blotting was pre-
pared as follows. First, primers (SEQ ID NOs:28 and 29)
which bind to a sequence outside the targeting vector homolo-
gous region with the FUT8 genome region obtained in
Example 12 were designed. Next, using a DNA polymerase
ExTaq (manufactured by Takara Shuzo), 20 pl of a reaction
solution [ExTaq buffer (manufactured by Takara Shuzo), 0.2
mmol/l INTPs and 0.5 pmol/l gene-specific primers (SEQ ID
NOs:28 and 29)] containing 4.0 ng of the plasmid
pFUT8fgE2-2 obtained in Example 12(2) was prepared, and
polymerase chain reaction (PCR) was carried out. The PCR
was carried out by heating at 94° C. for 1 minute and subse-
quent 25 cycles of heating at 94° C. for 30 seconds, 55° C. for
30 seconds and 74° C. for 1 minute as one cycle. After the
PCR, the reaction solution was subjected to 1.75% (w/v)
agarose gel electrophoresis to purify a probe DNA fragment
of'about 230 bp. The obtained probe DNA solution (5 pl) was
labeled with a radioisotope using 1.75 MBq of [a->*P]dCTP
and Megaprime DNA Labeling System, dCTP (manufactured
by Amersham Pharmacia Biotech).

The hybridization was carried out as follows. First, the
nylon membrane was sealed in a roller bottle, and pre-hybrid-
ization was carried out at 65° C. for 3 hours by adding 15 ml
of a hybridization solution [SxSSPE, 50x Denhaldt’s solu-
tion, 0.5% (w/v) SDS, 100 ng/ml salmon sperm DNA]. Next,
the ?P-labeled probe DNA was heat-denatured and put into
the bottle. Then, the nylon membrane was heated at 65° C.
overnight.

After the hybridization, the nylon membrane was soaked in
50 ml of 2xSSC-0.1% (w/v) SDS and heated at 65° C. for 15
minutes. After repeating the washing step twice, the mem-
brane was soaked in 50 ml of 0.2xSSC-0.1% (w/v) SDS and
heated at 65° C. for 15 minutes. After the washing, the nylon
membrane was exposed to an X-ray film at —-80° C. for two
nights for development.

By the restriction enzyme Pstl treatment, a DNA fragment
of'about 4.4 Kb is formed from a wild type FUTS allele. On
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the other hand, a DNA fragment of about 6.0 Kb is formed
from an allele in which homologous recombination with a
targeting vector was generated.

By the method, such specific fragments of about 4.4 Kb and
about 6.0 Kb were found from the positive clone genome
DNA in the item (3). Since the quantitative ratio of both
fragments was 1:1, it was confirmed that the clone is a clone
in which 1 copy of the FUTS allele was disrupted. Hereinat-
ter, the clone is referred to as the strain 1st. AFUTS 2-46.

3. Deletion of Drug Resistance Gene from CHO Cell in which
1 Copy of the a-1,6-Fucosyltransferase (FUTS8) Gene was
Disrupted

(1) Introduction of Cre Recombinase Expression Vector

A Cre recombinase expression vector pBS185 (manufac-
tured by Life Technologies) was introduced into the strain
1st. AFUTS8 2-46 prepared in the item 2 of this Example.

A gene of the plasmid pBS185 was introduced into the
strain 1st.AFUT8 2-46 as follows in accordance with the
electroporation method [Cyftotechnology, 3, 133 (1990)].
First, the strain 1st. AFUTS8 2-46 was suspended in a K-PBS
buffer (137 mmol/l KCl, 2.7 mmol/l NaCl, 8.1 mmol/l
Na,HPO,, 1.5 mmol/l KH,PO,, 4.0 mmol/l MgCl,) to give a
density of 8x107 cells/ml. After mixing 200 ul of the cell
suspension (1.6x10° cells) with 4 ug of the plasmid pBS185,
an entire volume of the cell-DNA mixture was transferred
into Gene Pulser Cuvette (inter-electrode distance, 2 mm)
(manufactured by BIO-RAD) and then the gene transfer was
carried out using a cell fusion apparatus Gene Pulser (manu-
factured by BIO-RAD) at 350 V pulse voltage and 250 pF
electric capacity. After the gene transfer, the cell suspension
was suspended in 10 ml of IMDM medium (manufactured by
Life Technologies) supplemented with 10% fetal bovine
serum (manufactured by Life Technologies) and 1x concen-
tration HT supplement (manufactured by Life Technologies)
and further diluted 20,000 folds using the same medium. The
cells were inoculated into 7 adhesion cell culture dishes of 10
cm in diameter (manufactured by Falcon) and then cultured at
37° C. for 24 hours in 5% CO,. After culturing them, the
culture supernatant was removed and IMDM medium (manu-
factured by Life Technologies) supplemented with 10% fetal
bovine dialyzed serum (manufactured by Life Technologies)
was dispensed at 10 ml. Culturing was carried out for 10 days
while repeating the medium exchange at intervals of 3 to 4
days.

(2) Preparation of Cre Recombinase Expression Vector-Intro-
duced Cell Lines

Arbitrary 400 colonies were obtained as follows from the
cell line obtained in the item (1).

First, culture supernatant was removed from the 10 cm dish
and 7 ml of a phosphate buffer was added to the dish which
was subsequently set under a stereoscopic microscope. Next,
each colony was scratched and sucked up using Pipetteman
(manufactured by GILSON) and transferred into a 96 well
round-bottom plate (manufactured by Falcon). After a
trypsin-treatment, each clone was inoculated into a 96 well
flat-bottom plate for adhesion cell culture (manufactured by
Iwaki Glass) and cultured for 1 week using IMDM medium
(manufactured by Life Technologies) supplemented with
10% fetal bovine dialyzed serum (manufactured by Life
Technologies).

After the culturing, each clone in the plate was subjected to
trypsin treatment and then mixed with two volumes of a
freeze drying medium (20% DMSO, 40% fetal bovine serum,
40% IMDM). A half of the mixture was inoculated into a 96
well flat-bottom plate for adhesion cell culture use (manufac-



US 9,409,982 B2

107

tured by Iwaki Glass) to prepare a replica plate, while the
remaining half was subjected to cryopreservation as a master
plate.

Next, the replica plate was cultured for 6 days using IMDM
medium (manufactured by Life Technologies) supplemented
with 15 pg/ml of puromycin (manufactured by SIGMA) and
10% fetal bovine dialyzed serum (manufactured by Life
Technologies). A positive clone from which the puromycin
resistance gene interposed between loxP sequences was
eliminated by the expression of Cre recombinase dies out in
the presence of puromycin. By the selection method, 91 posi-
tive clones were found.

(3) Diagnosis of Drug Resistance Gene Elimination by
Genome Southern Blotting

Diagnosis of drug resistance gene elimination by the
genome Southern blotting was carried out on optional 6
clones among the positive clones found in the item (2).

Among the master plates cryo-preserved in the item (2), 96
well plates containing the 6 positive clones were selected and
incubated at 37° C. for 10 minutes in 5% CO,. After the
incubation, cells were collected from a well corresponding to
each positive clone and inoculated into a 24 well flat bottom
plate for adhesion cell use (manufactured by Greiner). After
culturing them for 1 week using IMDM medium (manufac-
tured by Life Technologies) supplemented with 10% fetal
bovine dialyzed serum (manufactured by Life Technologies),
the cells were inoculated into a 6 well flat bottom plate for
adhesion cell use (manufactured by Greiner). Genome DNAs
were prepared from each clone in the plate in accordance with
a known method [Nucleic Acids Research, 3, 2303 (1976)]
and dissolved overnight in 150 ul of a TE-RNase bufter (pH
8.0) (10 mmol/1 Tris-HCI, 1 mmol/l EDTA, 200 pg/ml RNase
A).
In 120 pl of NEBuffer for BamHI (manufactured by New
England Biolabs), 12 pg of the obtained genome DNA was
dissolved, and 20 unites of a restriction enzyme BamHI
(manufactured by New England Biolabs) were mixed, fol-
lowed by digestion reaction at 37° C. overnight. A DNA
fragment was recovered from the reaction solution by ethanol
precipitation, dissolved in 20 pl of TE buffer (pH 8.0) (10
mmol/l Tris-HCl, 1 mmol/l EDTA) and then subjected to
0.4% (w/v) agarose gel electrophoresis. After the electro-
phoresis, the genome DNA was transferred onto a nylon
membrane in accordance with a known method [Proc. Natl.
Acad. Sci. USA, 76, 3683 (1979)]. After completion of the
transfer, the nylon membrane was heated at 80° C. for 2 hours.

On the other hand, a probe used in the Southern blotting
was prepared as follows. First, primers (SEQ ID NOs:30 and
31) which bind to a sequence outside the targeting vector
homologous region among the FUT8 genome region
obtained in Example 12 were designed. Next, polymerase
chain reaction (PCR) was carried out using a DNA poly-
merase ExTaq (manufactured by Takara Shuzo), by preparing
20 ul of a reaction solution [ExTaq buffer (manufactured by
Takara Shuzo), 0.2 mmol/l dNTPs and 0.5 pmol/l gene-spe-
cific primers (SEQ ID NOs:30 and 31)] containing 4.0 ng of
the plasmid pFUT8fgE2-2 obtained in Example 12(2). The
PCR was carried out by heating at 94° C. for 1 minute and
subsequent 25 cycles of heating at 94° C. for 30 seconds, 55°
C. for 30 seconds and 74° C. for 1 minute as one cycle. After
the PCR, the reaction solution was subjected to 1.75% (w/v)
agarose gel electrophoresis to purify a probe DNA fragment
of about 230 bp. A 5 pl portion of the obtained probe DNA
solution was radioisotope-labeled using 1.75 MBq of [a->2P]
dCTP and Megaprime DNA Labeling System, dCTP (manu-
factured by Amersham Pharmacia Biotech).
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The hybridization was carried out as follows. First, the
nylon membrane was sealed in a roller bottle, and pre-hybrid-
ization was carried out at 65° C. for 3 hours by adding 15 ml
of a hybridization solution [SxSSPE, 50x Denhaldt’s solu-
tion, 0.5% (w/v) SDS, 100 ng/ml salmon sperm DNA]. Next,
the **P-labeled probe DNA was heat-denatured and put into
the bottle and the nylon membrane was heated overnight at
65° C.

After the hybridization, the nylon membrane was soaked in
50 ml of 2xSSC-0.1% (w/v) SDS and heated at 65° C. for 15
minutes. After repeating the washing step twice, the mem-
brane was soaked in 50 ml of 0.2xSSC-0.1% (w/v) SDS and
heated at 65° C. for 15 minutes. After washing the nylon
membrane, it was exposed to an X-ray film two nights at —-80°
C. for development.

By the restriction enzyme BamHI treatment, a DNA frag-
ment of about 19.0 Kb was formed from a wild type FUT8
allele. Also, a DNA fragment of about 12.5 Kb was formed
from an allele in which homologous recombination with a
targeting vector was generated. In addition, when the puro-
mycin resistance gene (about 1.5 Kb) was deleted from the
allele in which homologous recombination was generated, a
DNA fragment of about 11.0 Kb was formed by the same
treatment.

By the method, such specific fragments of about 19.0 Kb
and about 11.0 Kb were found from the genome DNA of 5
clones among the 6 clones. Since the quantitative ratio of both
fragments was 1:1, it was shown that the puromycin resis-
tance gene was deleted from the cell lines in which 1 copy of
the FUT8 genome region was disrupted. Hereinafter, one of
the clone is called 1st. AFUTS8 2-46-1. Also, results of the
genome Southern blotting of the strain 1st AFUT8 2-46-1,
1st. AFUT8 2-46 and 5-03 are shown in FIG. 41. Also, the
strain 1st. AFUT8 2-46-1, as a name of 2-46-1, has been
deposited on Sep. 26, 2001, as FERM BP-7755 in Interna-
tional Patent Organism Depositary, National Institute of
Advanced Industrial Science and Technology (AIST Tsukuba
Central 6, 1-1, Higashi 1-Chome Tsukuba-shi, Ibaraki-ken
305-8566 Japan)).

4. Purification of Antibody Produced by a.-1,6-Fucosyltrans-
ferase (FUTS8) Gene-Disrupted Cell Line

1st. AFUTS8 2-46-1 obtained in the item 3 of this Example
by disrupting one copy of the FUTS allele was suspended in
IMDM medium (manufactured by Life Technologies)
supplemented with 15 pg/ml of puromycin (manufactured by
SIGMA) and 10% fetal bovine dialyzed serum (manufac-
tured by Life Technologies) to give a density of 3x10° cells/
ml, and then 60 ml in total of the suspension was inoculated
into two T182 flasks for adhesion cell culture use (manufac-
tured by Greiner). After culturing them for 3 days, the super-
natant was discarded and changed to a total of 60 ml of
EXCELL301 medium (manufactured by JRH Biosciences).

After culturing them at 37° C. for 7 days in a 5% CO,
incubator, the number of intact cells was counted to confirm
that their viability was almost the same (each 30% or less),
and then each cell suspension was recovered. The cell sus-
pension was centrifuged at 3,000 rpm at 4° C. for 10 minutes,
and the recovered supernatant was centrifuged at 10,000 rpm
at4° C. for 1 hour and then filtered using 150 ml capacity PES
Filter Unit (manufactured by NALGENE) having a pore
diameter of 0.22 pm.

Prosep-A HighCapacity (manufactured by bioPROCESS-
ING) was packed in a 0.8 cm diameter column to a thickness
of'2 cm and washed with 10 ml of 0.1 mol/l citrate buffer (pH
3.0) and 10 ml of 1 mol/l glycine/NaOH-0.15 mol/l NaCl
buffer (pH 8.6) in this order to effect equilibrate the carrier.
Next, 100 ml of each of the culture supernatant was passed
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through the column and washed with 50 ml of 1 mol/l glycine/
NaOH-0.15 mol/l NaCl buffer (pH 8.6). After washing it, the
antibody absorbed to Prosep-A was eluted using 2.5 ml 0of 0.1
mol/1 citrate buffer (pH 3.0), the eluate was fractionated in
500 pl portions and each fraction was neutralized by mixing
with 100 pl of 2 mol/l Tris-HCI1 (pH 8.5). Two fractions
containing the antibody at a high concentration (1.2 ml in
total) were selected by the BCA method [Aral. Biochem.,
150,76 (1985)], combined and then dialyzed against 10 mol/1
citrate-0.15 mol/l NaCl buffer (pH 6.0) at 4° C. for a whole
day and night. After the dialysis, the antibody solution was
recovered and subjected to sterile filtration using a 0.22 pm
pore size Millex GV (manufactured by MILLIPORE).

5. In Vitro Cytotoxic Activity (ADCC Activity) of Antibody
Produced by a-1,6-Fucosyltransterase (FUT8) Gene-Dis-
rupted Cell Line

In order to evaluate in vitro cytotoxic activity of the anti-
CCR4 antibody purified in the item 4 of this Example, ADCC
activity was measured using the CCR4-positive cell line
CCR4/EL-4 described in Example 8.

The CCR4/EL-4 cells subcultured in RPMI1640 medium
(manufactured by Life Technologies) containing 10% fetal
bovine serum (manufactured by Life Technologies) (herein-
after referred to as “RPMI1640-FBS(10)”) were suspended in
500 ul of RPMI1640-FBS(10) at a density of 1x10° cells, and
3.7 MBq of Na,’'CrO, was added thereto, followed by cul-
turing at 37° C. for 90 minutes to label the cells with a
radioisotope. After centrifugation at 1,200 rpm for 5 minutes,
the supernatant was discarded and the target cells were sus-
pended in 5 ml of RPMI1640-FBS(10). The washing step was
repeated three times and then the cell suspension was incu-
bated for 30 minutes on ice for spontaneous dissociation of
the radioactive substance. The washing step was again
repeated twice and then the cells were suspended in 5 ml of
RPMI1640-FBS(10) to thereby prepare 2.0x10° cells/ml of a
target cell suspension.

Separately, 30 ml of venous blood was collected from a
healthy person, gently mixed with 0.5 ml of heparin sodium
(manufactured by Shimizu Pharmaceutical) and then mixed
with 30 ml of physiological saline (manufactured by Otsuka
Pharmaceutical). After mixing them, 10 ml of the mixture was
gently overlaid on 4 ml of Lymphoprep (manufactured by
NYCOMED PHARMA AS) and centrifuged at room tem-
perature at 2,000 rpm for 30 minutes. The separated mono-
nuclear cell fractions were collected from the centrifugation
tubes, combined and then suspended in 30 m1l of RPMI1640-
FBS(10). After centrifugation at room temperature at 1,200
rpm for 15 minutes, the supernatant was discarded and the
cells were suspended in 20 ml of RPMI1640-FBS(10). The
washing step was repeated twice and then 2.5x10° cells/ml of
an effector cell suspension was prepared using RPMI1640-
FBS(10).

The target cell suspension was dispensed at 50 pl (1x10*
cells/well) into each well of a 96 well U-bottom plate (manu-
factured by Falcon). Subsequently, the effector cell suspen-
sion was dispensed at 100 ul (2.5x10° cells/well) into each
well to thereby adjust the ratio of the effector cells to the target
cells to 25:1. Next, using RPMI1640-FBS(10), a series of
dilution solution of 0.01 ng/ml, 0.1 ng/ml, 1 pg/ml and 10
ng/ml was prepared from each of the anti-CCR4 antibodies
obtained in the item 5 of Example 13, and the diluted solu-
tions were dispensed in 50 ul portions into the wells to give
final concentrations 0f0.0025 pug/ml, 0.025 pg/ml, 0.25 ng/ml
and 2.5 pg/ml, respectively. After the reaction at 37° C. for 4
hours in 5% CO.,, the plate was centrifuged at 1,200 rpm for
5 minutes. Into a 12 mm diameter RIA tube (manufactured by
IWAKI), 75 pl of the supernatant in each well was batched off
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and the amount of the dissociated *'Cr was measured using
MINAX-y auto-gamma counter 5550 (manufactured by
PACKARD).

Also, the amount of the spontaneously dissociated >'Cr
was calculated by carrying out the same reaction in a reaction
mixture in which 150 pl of RPMI1640-FBS(10) was added
instead of the effector cell suspension and antibody solution.
The amount of the total dissociated >*Cr was calculated by
carrying out the same reaction in a reaction mixture in which
100 pl of 1 N hydrochloric acid and 50 pl of RPMI1640-FBS
(10) were added instead of the effector cell suspension and
antibody solution. Using these values, the ADCC activity was
calculated based on equation (II).

FIG. 42 shows ADCC activity of each of the anti-CCR4
antibodies. The antibody obtained from the strain 1st. AFUT8
2-46-1 in which 1 copy of the FUTS allele was disrupted
showed a significantly more potent ADCC activity than the
antibody produced by the strain 5-03 which is the CHO cell
line before gene disruption. Also, changes in the antigen
binding activity of these antibodies were not observed. Based
on the results, it was confirmed that the ADCC activity of
produced antibodies can be improved by disrupting the FUTS8
allele in host cells.

Example 14

Preparation of Lectin-Resistant CHO/DG44 Cell and
Production of Antibody Using the Cell

(1) Preparation of Lectin-Resistant CHO/DG44

CHO/DG44 cells were grown until they reached a stage of
just before confluent, by culturing in a 75 cm? flask for adhe-
sion culture (manufactured by Greiner) using IMDM-FBS
(10) medium [IMDM medium comprising 10% of fetal
bovine serum (FBS) and 1x concentration of HT supplement
(manufactured by GIBCO BRL)]. After washing the cells
with 5 ml of Dulbecco PBS (manufactured by Invitrogen), 1.5
ml of 0.05% trypsin (manufactured by Invitrogen) diluted
with Dulbecco PBS was added thereto and incubated at 37° C.
for 5 minutes for peel the cells from the flask bottom. The
peeled cells were recovered by a centrifugation operation
generally used in cell culture and suspended in IMDM-FBS
(10) medium to give a density of 1x10° cells/ml, and then 0.1
pg/ml of an alkylating agent N-methyl-N'-nitro-N-ni-
trosoguanidine (hereinafter referred to as “MNNG”, manu-
factured by Sigma) was added or not added thereto. After
incubating them at 37° C. for 3 days in a CO, incubator
(manufactured by TABAI), the culture supernatant was dis-
carded, and the cells were again washed, peeled and recov-
ered by the same operations, suspended in IMDM-FBS(10)
medium and then inoculated into an adhesion culture 96 well
plate (manufactured by IWAKI Glass) to give a density of
1,000 cells/well. To each well, as the final concentration in
medium, 1 mg/ml Lens culinaris agglutinin (hereinafter
referred to as “LCA”, manufactured by Vector), 1 mg/ml
Aleuria aurantia agglutinin (4leuria aurantia lectin; herein-
after referred to as “AAL”, manufactured by Vector) or 1
mg/ml kidney bean agglutinin (Phaseolus vulgaris leucoag-
glutinin; hereinafter referred to as “L-PHA”, manufactured
by Vector) was added. After culturing them at 37° C. for 2
weeks in a CO, incubator, the appeared colonies were
obtained as lectin-resistant CHO/DG44. Regarding the
obtained lectin-resistant CHO/DG44, an LCA-resistant cell
line was named CHO-LCA, an AAL-resistant cell line was
named CHO-AAL and an L-PHA-resistant cell line was
named CHO-PHA. When the resistance of these cell lines to
various kinds of lectin was examined, it was found that the
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CHO-LCA was also resistant to AAL and the CHO-AAL was
also resistant LCA. In addition, the CHO-LCA and CHO-
AAL also showed a resistance to a lectin which recognizes a
sugar chain structure identical to the sugar chain structure
recognized by LCA and AAL, namely a lectin which recog-
nizes a sugar chain structure in which 1-position of fucose is
bound to 6-position of N-acetylglucosamine residue in the
reducing end through a-bond in the N-glycoside-linked sugar
chain. Specifically, it was found that the CHO-LCA and
CHO-AAL can show resistance and survive even in a medium
supplemented with 1 mg/ml at a final concentration of a pea
agglutinin (Pisum sativum agglutinin; hereinafter referred to
as “PSA”, manufactured by Vector). In addition, even when
the alkylating agent MNNG was not added, it was able to
obtain lectin-resistant cell lines by increasing the number of
cells to be treated. Hereinafter, these cell lines were used in
analyses.
(2) Preparation of Anti-CCR4 Human Chimeric Antibody-
Producing Cell

An anti-CCR4 human chimeric antibody expression plas-
mid pKANTEX2160 was introduced into the three lectin-
resistant cell lines obtained in the (1) by the method described
in Example 8, and gene amplification by a drug MTX was
carried out to prepare an anti-CCR4 human chimeric anti-
body-producing cell line. By measuring an amount of anti-
body expression by the ELISA described in Example 8-2,
antibody-expressing transformants were obtained from each
of the CHO-LCA, CHO-AAL and CHO-PHA. Regarding
each of the obtained transformants, a transformant derived
from CHO-LCA was named CHO/CCR4-LCA, a transfor-
mant derived from CHO-AAL was named CHO/CCR4-AAL
and a transformant derived from CHO-PHA was named
CHO/CCR4-PHA. Also, the CHO/CCR4-LCA, as a name of
Nega-13, has been deposited on Sep. 26, 2001, as FERM
BP-7756 in International Patent Organism Depositary,
National Institute of Advanced Industrial Science and Tech-
nology (AIST Tsukuba Central 6, 1-1, Higashi 1-Chome
Tsukuba-shi, [baraki-ken 305-8566 Japan)).
(3) Production of Potent ADCC Activity Antibody by Lectin-
Resistant CHO Cell

Using the three transformants obtained in the (2), purified
antibodies were obtained by the method described in
Example 8-3. The antigen binding activity of each of the
purified anti-CCR4 human chimeric antibodies was evaluated
using the ELISA described in Example 8-2. The antibodies
produced by all transformants showed an antigen binding
activity similar to that of the antibody produced by a recom-
binant cell line (strain 5-03) prepared in Example 8 using
general CHO/DG44 cell as the host. Using these purified
antibodies, ADCC activity of each of the purified anti-CCR4
human chimeric antibodies was evaluated in accordance with
the method described in Example 8-7. The results are shown
in FIG. 43. In comparison with the antibody produced by the
strain 5-03, about 100 folds-increased ADCC activity was
observed in the antibodies produced by the CHO/CCR4-L.CA
and CHO/CCR4-AAL. On the other hand, no significant
increase in the ADCC activity was observed in the antibody
produced by the CHO/CCR4-PHA. Also, when ADCC activi-
ties of the antibodies produced by the CHO/CCR4-L.CA and
YB2/0 were compared in accordance with the method
described in Example 8-7, it was found that the antibody
produced by the CHO/CCR4-L.CA shows more potent ADCC
activity than the antibody produced by the strain 5-03, similar
to the case of the antibody KM2760-1 produced by the YB2/0
cell line prepared in Example 8-1 (FIG. 44).
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(4) Sugar Chain Analysis of Antibodies Produced by Lectin-
Resistant CHO Cell

Sugar chains of the anti-CCR4 human chimeric antibodies
purified in the (3) were analyzed. The solution of each of the
purified antibodies was exchanged to 10 mM KH,PO, using
Ultra Free 0.5-10K (manufactured by Millipore). The
exchange was carried out in such a manner that the exchang-
ing ratio became 80 folds or more. The concentration of the
antibodies after the solution exchange was measured using
UV-1600 (manufactured by Shimadzu). The molar absorp-
tion coefficient was calculated from the amino acid sequence
of each antibody based on the following equation (III) [4d-
vances in Protein Chemistry, 12, 303 (1962)], and the con-
centration was determined by defining the absorbance at 280
nm as 1.38 mg/ml.

E | oy=Axnl+Bxn2+Cxn3

E\ o= E 1o/ MW I1m

E,, .. absorption coefficient at 280 nm (mg™" ml cm™)

B, .o molar absorption coefficient at 280 nm (M~!

cm™)

A: molar absorption coefficient of tryptophan at 280

nm=>5550 M~ ecm™!

B: molar absorption coefficient of tyrosine at 280

nm=1340 M~ cm™)

C: molar absorption coefficient of cystine at 280 nm=200

M1 em™)

nl: the number of tryptophan per 1 antibody molecule

n2: the number of tyrosine per 1 antibody molecule

n3: the number of cystine per 1 antibody molecule

MW: molecular weight of antibody (g/mol)

Into Hydraclub S-204 test tube, 100 pg of each antibody
was put and dried using a centrifugal evaporator. The dried
sample in the test tube was subjected to hydrazinolysis using
Hydraclub manufactured by Hohnen. The sample was
allowed to react with hydrazine at 110° C. for 1 hour using a
hydrazinolysis reagent manufactured by Hohnen hydrazi-
nolysis [Method of Enzymology, 83, 263 (1982)]. After the
reaction, hydrazine was evaporated under a reduced pressure,
and the reaction tube was returned to room temperature by
allowing it to stand for 30 minutes. Next, 250 ul of an acety-
lation reagent manufactured by Hohnen and 25 pl of acetic
anhydride were added thereto, followed by thoroughly stirred
for reaction at room temperature for 30 minutes. Then, 250 pl
of the acetylation reagent and 25 pl of acetic anhydride were
further added thereto, followed by thoroughly stirring for
reaction at room temperature for 1 hour. The sample was
frozen at —80° C. in a freezer and freeze-dried for about 17
hours. Sugar chains were recovered from the freeze-dried
sample using Cellulose Cartridge Glycan Preparation Kit
manufactured by Takara Syuzo Co., Ltd. The sample sugar
chain solution was dried using a centrifugal evaporator and
then subjected to fluorescence labeling with 2-aminopyridine
[J. Biochem., 95,197 (1984)]. The 2-aminopyridine solution
was prepared by adding 760 ul of HCI per 1 g of 2-aminopy-
ridine (1xPA solution) and diluting the solution 10 folds with
reverse osmosis purified water (10-folds diluted PA solution).
The sodium cyanoborohydride solution was prepared by add-
ing 20 pl of 1xPA solution and 430 ul of reverse osmosis
purified water per 10 mg of sodium cyanoborohydride. To the
sample, 67 ul of a 10 folds-diluted PA solution was added,
followed by reaction at 100° C. for 15 minutes and spontane-
ously cooled, and 2 pl of sodium cyanoborohydride was fur-
ther added thereto, followed by reaction at 90° C. for 12 hours
for fluorescence labeling of the sample sugar chains. The
fluorescence-labeled sugar chain group (PA-treated sugar
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chain group) was separated from excess reagent using Super-
dex Peptide HR 10/30 column (manufactured by Pharmacia).
This step was carried out using 10 mM ammonium bicarbon-
ate as the eluent at a flow rate of 0.5 ml/min and at a column
temperature of room temperature, and using a fluorescence
detector of 320 nm excitation wavelength and 400 nm fluo-
rescence wavelength. The eluate was recovered 20 to 30
minutes after addition of the sample and dried using a cen-
trifugal evaporator to be used as purified PA-treated sugar
chains. Next, reverse phase HPLC analysis of the purified
PA-treated sugar chains was carried out using CLC-ODS
column (manufactured by Shimadzu, ¢ 6.0 nmx159 nm). The
step was carried out at a column temperature of 55° C. and at
a flow rate of 1 ml/min and using a fluorescence detector of
320 nm excitation wavelength and 400 nm fluorescence
wavelength. The column was equilibrated with a 10 mM
sodium phosphate buffer (pH 3.8) and elution was carried out
for 80 minutes by a 0.5% 1-butanol linear density gradient.
Each of the PA-treated sugar chain was identified by post
source decay analysis of each peak of the separated PA-
treated sugar chains using matrix-assisted laser ionization
time of flight mass spectrometry (MALDI-TOF-MS analy-
sis), comparison of elution positions with standards of PA-
treated sugar chain manufactured by Takara Syuzo, and
reverse phase HPLC analysis after digestion of each PA-
treated sugar chain using various enzymes (FIG. 45). Each of
the sugar chain content was calculated from each of the peak
area of PA-treated sugar chain by reverse HPLC analysis. A
PA-treated sugar chain whose reducing end is not N-acetyl-
glucosamine was excluded from the peak area calculation,
because itis an impurity or a by-product during preparation of
PA-treated sugar chain.

The analysis was carried out in the same manner as in
Example 11(6) using a sodium phosphate buffer (pH 3.8) as
buffer A and a sodium phosphate buffer (pH 3.8)+0.5% 1-bu-
tanol as buffer B.

In FIG. 45, the ratio of the a-1,6-fucose-free sugar chain
group was calculated from the area occupied by the peaks (i)
to (iv) among (i) to (viii), and the ratio of the a-1,6-fucose-
bound sugar chain group from the area occupied by the peaks
(v) to (viii) among (i) to (Vviii).

Results of the sugar chain structure analysis of the purified
anti-CCR4 human chimeric antibodies produced by lectin-
resistant cell lines are shown in Table 6. The result shows the
analysis of sugar chains of the anti-CCR4 human chimeric
antibody produced by lectin-resistant cell lines. The ratio of
a-1,6-fucose-free sugar chains (%) calculated from peak
areas by analyzing by the method described in Example d(4)

is shown in the table.
TABLE 6
a-1,6-Fucose-free complex
Antibody producing cells double-chain sugar chain (%)
Strain 5-03 9
Strain CHO/CCR4-LCA 48
Strain CHO/CCR4-AAL 27
Strain CHO/CCR4-PHA 8

In comparison with the antibody produced by the strain
5-03, the ratio of the a-1,6-fucose-free sugar chains was
increased from 9% to 48% in the antibody produced by the
CHO/CCR4-LCA when calculated from the analyzed peak
area. The ratio of a-1,6-fucose-free sugar chains was
increased from 9% to 27% in the antibody produced by the
CHO/CCR4-AAL. On the other hand, changes in the sugar
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chain pattern and ratio of the a-1,6-fucose-free sugar chains
were hardly found in the PHA-resistant cell line when com-
pared with the strain 5-03.

Example 15
Analysis of Lectin-Resistant CHO Cell Line

1. Analysis of Expression Level of GMD Enzyme in an Anti-
CCR4 Human Chimeric Antibody-Producing Cell Line
CHO/CCR4-LCA

The expression level of each of the genes of GMD (GDP-
mannose 4,6-dehydratase), GFPP (GDP-keto-6-deoxyman-
nose 3,5-epimerase, 4-reductase) and FX (GDP-beta-L-fu-
cose pyrophosphorylase) known as fucose biosynthesis
enzymes and FUT8 (a-1,6-fucosyltransferase) as a fucose
transferase, in the anti-CCR4 human chimeric antibody-pro-
ducing cell line CHO/CCR4-LCA obtained in Example 14,
was analyzed using RT-PCR method.

(1) Preparation of RNA from Various Cell Lines

Each of the CHO/DG44 cell, the anti-CCR4 human chi-
meric antibody-producing cell line 5-03 obtained in Example
8-1(2) and the anti-CCR4 human chimeric antibody-produc-
ing cell line CHO/CCR4-L.CA obtained in Example 14(2)
was subcultured at 37° C. in a 5% CO, incubator and then
cultured for 4 days. After culturing them, total RNA was
prepared from 1x107 cells of each cell line using RNeasy
Protect Mini Kit (manufactured by QIAGEN) in accordance
with the manufacture’s instructions. Subsequently, single-
stranded cDNA was synthesized from 5 ng of each RNA in a
20 pl of a reaction solution using SUPER SCRIPT First-
Strand Synthesis System for RT-PCR (manufactured by
GIBCO BRL) in accordance with the manufacture’s instruc-
tions.

(2) Analysis of Expression Level of GMD Gene Using RT-
PCR

In order to amplify GMD cDNA by PCR, a 24 mer syn-
thetic DNA primer having the nucleotide sequence shown by
SEQ ID NO:32 and a 26 mer synthetic DNA primer having
the nucleotide sequence shown by SEQ 1D NO:33 were pre-
pared based on the CHO cell-derived GMD ¢DNA sequence
shown in Example 17-1.

Next, 20 pl of a reaction solution [1x Ex Taq bufter (manu-
factured by Takara Shuzo), 0.2 mM dNTPs, 0.5 unit of Ex Taq
polymerase (manufactured by Takara Shuzo) and 0.5 pM of
the synthetic DNA primers of SEQ ID NOs:32 and 33] con-
taining 0.5 pl of the single-stranded cDNA prepared from
each cell line in the item (1) as the template was prepared, and
PCR was carried out using DNA Thermal Cycler 480 (manu-
factured by Perkin Elmer) by heating at 94° C. for 5 minutes
and subsequent 30 cycles ofheating 0 94° C. for 1 minute and
68° C. for 2 minutes as one cycle. After subjecting 10 pl of the
PCR reaction solution to agarose electrophoresis, DNA frag-
ments were stained using Cyber Green (manufactured by
BMA) and then the amount of the DNA fragment of about 350
bp was measured using Fluor Imager SI (manufactured by
Molecular Dynamics).

(3) Analysis of Expression Level of GFPP Gene Using RT-
PCR

In order to amplify GFPP ¢cDNA by PCR, a 27 mer syn-
thetic DNA primer having the nucleotide sequence shown by
SEQ ID NO:34 and a 23 mer synthetic DNA primer having
the nucleotide sequence shown by SEQ 1D NO:35 were pre-
pared based on the CHO cell-derived GFPP ¢cDNA sequence
obtained in Example 16-2.

Next, 20 pl of a reaction solution [1x Ex Taq bufter (manu-
factured by Takara Shuzo), 0.2 mM dNTPs, 0.5 unit of Ex Taq
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polymerase (manufactured by Takara Shuzo) and 0.5 pM of
the synthetic DNA primers of SEQ ID NOs:34 and 35] con-
taining 0.5 pl of the single-stranded cDNA prepared from
each cell line in the item (1) as the template was prepared, and
PCR was carried out using DNA Thermal Cycler 480 (manu-
factured by Perkin Elmer) by heating at 94° C. for 5 minutes
and subsequent 24 cycles of heating at 94° C. for 1 minute and
68° C. for 2 minutes as one cycle. After subjecting 10 ul of the
PCR reaction solution to agarose electrophoresis, DNA frag-
ments were stained using Cyber Green (manufactured by
BMA) and then the amount of the DNA fragment of about 600
bp was measured using Fluor Imager SI (manufactured by
Molecular Dynamics).

(4) Analysis of Expression Level of FX Gene Using RT-PCR

In order to amplify FX cDNA by PCR, a 28 mer synthetic
DNA primer having the nucleotide sequence shown by SEQ
ID NO:36 and a 28 mer synthetic DNA primer having the
nucleotide sequence shown by SEQ ID NO:37 were prepared
based on the CHO cell-derived FX ¢cDNA sequence shown in
Example 16-1.

Next, 20 pl of a reaction solution [ 1x Ex Taq buffer (manu-
factured by Takara Shuzo), 0.2 mM dNTPs, 0.5 unit of Ex Taq
polymerase (manufactured by Takara Shuzo) and 0.5 pM of
the synthetic DNA primers of SEQ ID NO:36 and SEQ ID
NO:37] containing 0.5 pl of the single-stranded cDNA pre-
pared from each cell line in the item (1) as the template was
prepared, and PCR was carried out using DNA Thermal
Cycler 480 (manufactured by Perkin Elmer) by heating at 94°
C. for 5 minutes and subsequent 22 cycles of heating at 94° C.
for 1 minute and 68° C. for 2 minutes as one cycle. After
subjecting 10 ul of the PCR reaction solution to agarose
electrophoresis, DNA fragments were stained using Cyber
Green (manufactured by BMA) and then the amount of the
DNA fragment of about 300 bp was measured using Fluor
Imager SI (manufactured by Molecular Dynamics).

(5) Analysis of Expression Level of FUT8 Gene Using RT-
PCR

In order to amplify FUT8 ¢cDNA by PCR, 20 pl of a reac-
tion solution [1x Ex Taq buffer (manufactured by Takara
Shuzo), 0.2 mM dNTPs, 0.5 unit of Ex Taq polymerase
(manufactured by Takara Shuzo) and 0.5 uM of the synthetic
DNA primers of SEQ ID NOs: 13 and 14] containing 0.5 pl of
the single-stranded cDNA prepared from each cell line in the
item (1) as the template was prepared, and PCR was carried
out using DNA Thermal Cycler 480 (manufactured by Perkin
Elmer) by heating at 94° C. for 5 minutes and subsequent 20
cycles of heating at 94° C. for 1 minute and 68° C. for 2
minutes as one cycle. After subjecting 10 ul of the PCR
reaction solution to agarose electrophoresis, DNA fragments
were stained using Cyber Green (manufactured by BMA) and
then amount of the DNA fragment of about 600 bp was
measured using Fluor Imager SI (manufactured by Molecular
Dynamics).

(6) Analysis of Expression Level of p-Actin Gene Using
RT-PCR

In order to amplify B-actin cDNA by PCR, 20 pul of a
reaction solution [ 1x Ex Taq buffer (manufactured by Takara
Shuzo), 0.2 mM dNTPs, 0.5 unit of Ex Taq polymerase
(manufactured by Takara Shuzo) and 0.5 uM of the synthetic
DNA primers of SEQ ID NOs: 15 and 16] containing 0.5 pl of
the single-stranded cDNA prepared from each cell line in the
item (1) as the template was prepared, and the reaction was
carried out using DNA Thermal Cycler 480 (manufactured by
Perkin Elmer) by heating at 94° C. for 5 minutes and subse-
quent 14 cycles ofheating at 94° C. for 1 minute and 68° C. for
2 minutes as one cycle. After subjecting 10 pl of the PCR
reaction solution to agarose electrophoresis, DNA fragments
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were stained using Cyber Green (manufactured by BMA) and
then the amount of the DNA fragment of about 800 bp was
measured using Fluor Imager SI(manufactured by Molecular
Dynamics).
(7) Expression Levels of GMD, GFPP, FX and FUTS8 Genes
in Each Cell Line

The amount ofthe PCR-amplified fragment of each gene in
the strain 5-03 and the CHO/CCR4-L.CA was calculated by
dividing values of the amounts of PCR-amplified fragments
derived from GMD, GFPP, FX and FUT ¢DNA in each cell
line measured in the items (2) to (6) by the value of the amount
of PCR-amplified fragment derived from f-actin cDNA in
each cell line, and defining the amount of the PCR-amplified
fragments in CHO/DG44 cell as 1. The results are shown in
Table 7.

TABLE 7
GMD  GEPP  FX FUT8
Strain CHO/DG44 1 1 1 1
Strain 5-03 1107 0793 1.093 0.901
Strain 5-03-derived LCA- 0.160 0886  0.920 0.875

resistant cell CHO/CCR4-LCA

As shown in Table 7, the expression level of GMD gene in
the CHO/CCR4-LCA was decreased to about %10 in compari-
son with other cell lines. In this case, the test was indepen-
dently carried out twice, and the average value was used.

2. Analysis Using Anti-CCR4 Human Chimeric Antibody-
Producing CHO/CCR4-LCA in which GMD Gene was
Forced to Express

(1) Construction of CHO Cell-Derived GMD Gene Expres-
sion Vector pAGE249GMD

Based on the CHO cell-derived GMD ¢DNA sequence
obtained in Example 17-1, a 28 mer primer having the nucle-
otide sequence shown by SEQ ID NO:38 and a 29 mer primer
having the nucleotide sequence shown by SEQ ID NO:39
were prepared. Next, 20 pl of a reaction solution [1x Ex Taq
buffer (manufactured by Takara Shuzo), 0.2 mM dNTPs, 0.5
unit of Ex Taq polymerase (manufactured by Takara Shuzo)
and 0.5 uM of the synthetic DNA primers of SEQ ID NOs:38
and 39] containing 0.5 pl of the CHO cell-derived GMD
single-stranded cDNA prepared in the item 1(1) of this
Example as the template was prepared, and PCR was carried
out using DNA Thermal Cycler 480 (manufactured by Perkin
Elmer) by heating at 94° C. for 5 minutes and subsequently 8
cycles of heating at 94° C. for 1 minute, 58° C. for 1 minute
and 72° C. for 1 minute as one cycle, and then 22 cycles of
heating at 94° C. for 1 minute and 68° C. as one cycle. After
completion of the reaction, the PCR reaction solution was
fractionated by agarose electrophoresis, and then a DNA
fragment of about 600 bp was recovered using Gene Clean 11
Kit (manufactured by BIO 101) in accordance with the manu-
facture’s instructions. The recovered DNA fragment was con-
nected to pT7Blue(R) vector (manufactured by Novagen)
using DNA Ligation Kit (manufactured by Takara Shuzo),
and E. coli DH5a (manufactured by Toyobo) was trans-
formed using the obtained recombinant plasmid DNA to
obtain a plasmid mt-C (cf. FIG. 46).

Next, based on the CHO cell-derived GMD c¢DNA
sequence obtained in Example 17-1, a 45 mer primer having
the nucleotide sequence shown by SEQ ID NO:40 and a 31
mer primer having the nucleotide sequence shown by SEQ ID
NO:41 were prepared. Next, 20 ul of a reaction solution [1x
Ex Taq buffer (manufactured by Takara Shuzo), 0.2 mM
dNTPs, 0.5 unit of Ex Taq polymerase (manufactured by
Takara Shuzo) and 0.5 uM of the synthetic DNA primers of



US 9,409,982 B2

117

SEQ ID NOs:40 and 41] containing 0.5 pl of the CHO cell-
derived GMD single-stranded cDNA prepared in the item
1(1) of this Example as the template was prepared, and PCR
was carried out using DNA Thermal Cycler 480 (manufac-
tured by Perkin Elmer) by heating at 94° C. for 5 minutes and
subsequently 8 cycles of heating at 94° C. for 1 minute, 57° C.
for 1 minute and 72° C. for 1 minute as one cycle, and then 22
cycles of heating at 94° C. for 1 minute and 68° C. for 2
minutes as one cycle. After completion of the reaction, the
PCR reaction solution was fractionated by agarose electro-
phoresis, and then a DNA fragment of about 150 bp was
recovered using Gene Clean II Kit (manufactured by BIO
101) in accordance with the manufacture’s instructions. The
recovered DNA fragment was connected to pT7Blue(R) vec-
tor (manufactured by Novagen) using DNA Ligation Kit
(manufactured by Takara Shuzo), and E. coli DH5a (manu-
factured by Toyobo) was transformed using the obtained
recombinant plasmid DNA to obtain a plasmid ATG (cf. FIG.
47).

Next, 3 pg ofthe plasmid CHO-GMD prepared in Example
17-1 was allowed to react with a restriction enzyme Sacl
(manufactured by Takara Shuzo) at 37° C. for 16 hours, a
DNA was recovered by carrying out phenol/chloroform
extraction and ethanol precipitation and allowed to react with
a restriction enzyme EcoRI (manufactured by Takara Shuzo)
at 37° C. for 16 hours, a digest DNA was fractionated by
agarose electrophoresis and then a DNA fragment of about
900 bp was recovered using Gene Clean 11 Kit (manufactured
by BIO 101) in accordance with the manufacture’s instruc-
tions. The plasmid mt-C (1.4 pg) was allowed to react with a
restriction enzyme Sacl (manufactured by Takara Shuzo) at
37° C. for 16 hours, DNA was recovered by carrying out
phenol/chloroform extraction and ethanol precipitation and
allowed to react with a restriction enzyme EcoRI (manufac-
tured by Takara Shuzo) at 37° C. for 16 hours, the digest was
fractionated by agarose electrophoresis and then a DNA frag-
ment of about 3.1 kbp was recovered using Gene Clean 11 Kit
(manufactured by BIO 101) in accordance with the manufac-
ture’s instructions. The recovered DNA fragments were
ligated using DNA Ligation Kit (manufactured by Takara
Shuzo), and E. coli DHS5c was transformed using the
obtained recombinant plasmid DNA to obtain a plasmid WT-
N(-) (cf. FIG. 48).

Next, 2 pg of the plasmid WT-N(-) was allowed to react
with a restriction enzyme BamHI (manufactured by Takara
Shuzo) at 37° C. for 16 hours, DNA was recovered by carry-
ing out phenol/chloroform extraction and ethanol precipita-
tion and allowed to react with a restriction enzyme EcoRI
(manufactured by Takara Shuzo) at 37° C. for 16 hours, the
digest was fractionated by agarose electrophoresis and then a
DNA fragment of about 1 kbp was recovered using Gene
Clean II Kit (manufactured by BIO 101) in accordance with
the manufacture’s instructions. The plasmid pBluescript
SK(-) (3 pg; manufactured by Stratagene) was allowed to
react with a restriction enzyme BamHI (manufactured by
Takara Shuzo) at 37° C. for 16 hours, DNA was recovered by
carrying out phenol/chloroform extraction and ethanol pre-
cipitation and allowed to react with a restriction enzyme
EcoRI (manufactured by Takara Shuzo) at 37° C. for 16
hours, the digest was fractionated by agarose electrophoresis
and then a DNA fragment of about 3 kbp was recovered using
Gene Clean II Kit (manufactured by BIO 101) in accordance
with the manufacture’s instructions. The recovered respective
DNA fragments were ligated using DNA Ligation Kit (manu-
factured by Takara Shuzo), and E. coli DHS5a was trans-
formed using the obtained recombinant plasmid DNA to
obtain a plasmid WT-N(-) in pBS (cf. FIG. 49).
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Next, 2 ug of the plasmid WT-N(-) in pBS was allowed to
react with a restriction enzyme HindIIl (manufactured by
Takara Shuzo) at 37° C. for 16 hours, DNA was recovered by
carrying out phenol/chloroform extraction and ethanol pre-
cipitation and allowed to react with a restriction enzyme
EcoRI (manufactured by Takara Shuzo) at 37° C. for 16
hours, the digest was fractionated by agarose electrophoresis
and then a DNA fragment of about 4 kbp was recovered using
Gene Clean II Kit (manufactured by BIO 101) in accordance
with the manufacture’s instructions. A 2 pg portion of the
plasmid ATG was allowed to react with a restriction enzyme
HindIII (manufactured by Takara Shuzo) at 37° C. for 16
hours, DNA was recovered by carrying out phenol/chloro-
form extraction and ethanol precipitation and allowed to react
with a restriction enzyme EcoRI (manufactured by Takara
Shuzo) at 37° C. for 16 hours, the digest was fractionated by
agarose electrophoresis and then a DNA fragment of about
150 bp was recovered using Gene Clean II Kit (manufactured
by BIO 101) in accordance with the manufacture’s instruc-
tions. The recovered respective DNA fragments were ligated
using DNA Ligation Kit (manufactured by Takara Shuzo),
and E. coli DHS5 0. was transformed using the obtained recom-
binant plasmid DNA to obtain a plasmid WT in pBS (cf. FIG.
50).

Next, 2 pug of the plasmid pAGE249 was allowed to react
with restriction enzymes HindIIl and BamHI (both manufac-
tured by Takara Shuzo) at 37° C. for 16 hours, the digest was
fractionated by agarose electrophoresis and then a DNA frag-
ment of about 6.5 kbp was recovered using Gene Clean II Kit
(manufactured by BIO 101) in accordance with the manufac-
ture’s instructions. The plasmid WT (2 pg) in pBS was
allowed to react with restriction enzymes HindIIl and BamHI
(both manufactured by Takara Shuzo) at 37° C. for 16 hours,
the digest was fractionated by agarose electrophoresis and
then a DNA fragment of about 1.2 kbp was recovered using
Gene Clean II Kit (manufactured by BIO 101) in accordance
with the manufacture’s instructions. The recovered respective
DNA fragments were ligated using DNA Ligation Kit (manu-
factured by Takara Shuzo), and E. coli DH5a was trans-
formed using the obtained recombinant plasmid DNA to
obtain a plasmid pAGE249GMD (cf. FIG. 51).

(2) Stable Expression of GMD Gene in CHO/CCR4-L.CA

The CHO cell-derived GMD gene expression vector
pAGE249GMD (5 pg) made into linear form by digesting it
with a restriction enzyme Fspl (manufactured by NEW
ENGLAND BIOLABS), which was introduced into 1.6x10°
cells of CHO/CCR4-LCA by electroporation [Cytotechnol-
ogy, 3, 133 (1990)]. Then, the cells were suspended in 30 ml
of IMDM-dFBS(10) medium [IMDM medium (manufac-
tured by GIBCO BRL) supplemented with 10% of dFBS]
containing 200 nM MTX (manufactured by SIGMA), and
cultured using a 182 cm? flask (manufactured by Greiner) at
37° C. for 24 hours in a 5% CO, incubator. After culturing
them, the medium was changed to IMDM-dFBS(10) medium
containing 0.5 mg/ml hygromycin and 200 nM MTX (manu-
factured by SIGMA), followed by culturing for 19 days to
obtain colonies of hygromycin-resistant transformants.

In the same manner, the pAGE249 vector was introduced
into the CHO/CCR4-LCA by the same method to obtain
colonies of hygromycin-resistant transformants.

(3) Culturing of GMD Gene-Expressed CHO/CCR4-L.CA
and Purification of Antibody

Using IMDM-dFBS(10) medium comprising 200 nM
MTX (manufactured by SIGMA) and 0.5 mg/ml hygromy-
cin, the GMD-expressing transformant cells obtained in the
item (2) were cultured using a 182 cm? flask (manufactured
by Greiner) at 37° C. in a 5% CO, incubator. Several days
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thereafter, when the cell density reached confluent, the cul-
ture supernatant was discarded and the cells were washed
with 25 ml of PBS buffer (manufactured by GIBCOBRL) and
mixed with 35 ml of EXCELL301 medium (manufactured by
JRH). After culturing them at 37° C. in a 5% CO, incubator
for 7 days, the culture supernatant was recovered. An anti-
CCR4 chimeric antibody was purified from the culture super-
natant using Prosep-A (manufactured by Millipore) in accor-
dance with the manufacture’s instructions.

In the same manner, the pAGE249 vector-introduced trans-
formant cells were cultured by the same method and then
anti-CCR4 chimeric antibody was recovered and purified
from the culture supernatant.

(4) Measurement of Lectin Resistance in Transformed Cells

The GMD-expressing transformant cells obtained in the
item (2) were suspended in IMDM-dFBS(10) medium com-
prising 200 nM MTX (manufactured by SIGMA) and 0.5
mg/ml hygromyein to give a density of 6x10* cells/ml, and
the suspension was dispensed in 50 pl/well portions into a 96
well culture plate (manufactured by Iwaki Glass). Next, a
medium prepared by suspending at concentrations of 0
mg/ml, 0.4 mg/ml, 1.6 mg/ml or 4 mg/ml LCA (Lens culi-
naris agglutinin: manufactured by Vector Laboratories) in
IMDM-dFBS(10) medium containing 200 nM MTX (manu-
factured by SIGMA) and 0.5 mg/ml hygromycin was added
to the plate at 50 pl/well, followed by culturing at 37° C. for
96 hours in a 5% CO, incubator. After culturing them, WST-I
(manufactured by Boehringer) was added at 10 ul/well and
incubated at 37° C. for 30 minutes in a 5% CO, incubator to
effect color development, and then the absorbance at 450 nm
and 595 nm (hereinafter referred to as “OD450” and
“0OD595”, respectively) was measured using Microplate
Reader (manufactured by BIO-RAD). In the same manner,
the pAGE249 vector-introduced transformant cells were
measured by the same method. The test was carried out twice
independently.

FIG. 52 shows the number of survived cells in each well by
percentage when a value calculated by subtracting OD595
from OD450 measured in the above is used as the survived
number of each cell group and the number of survived cells in
each of the LCA-free wells is defined as 100%. As shown in
FIG. 52, decrease in the LCA-resistance was observed in the
GMD-expressed CHO/CCR4-LCA, and the survival ratio
was about 40% in the presence of 0.2 mg/ml LCA and the
survival ratio was about 20% in the presence of 0.8 mg/ml
LCA. On the other hand, in the pAGE249 vector-introduced
CHO/CCR4-LCA, the survival ratio was 100% in the pres-
ence 0f 0.2 mg/ml LCA and the survival ratio was about 80%
even in the presence of 0.8 mg/ml LCA. Based on these
results, it was suggested that expression level of GMD gene in
the CHO/CCR4-LCA was decreased and, as a result, the
resistance against LCA was obtained.

(5) In Vitro Cytotoxic Activity (ADCC Activity) of Anti-
CCR4 Chimeric Antibody Obtained from GMD-Expressed
CHO/CCR4-LCA

In order to evaluate in vitro cytotoxic activity of the puri-
fied anti-CCR4 chimeric antibody obtained in the item (3),
the ADCC activity was measured in accordance with the
following methods.

1) Preparation of Target Cell Suspension

A 3.7 MBq equivalent of a radioactive substance
Na,’'CrO, was added to 1x10° cells of the CCR4-EL4 (cf.
Example 8-7) cultured using a medium prepared by adding
500 ug/ml G418 sulfate (manufactured by Nakalai Tesque) to
the RPMI1640-FBS(10) medium, followed by reaction at 37°
C. for 90 minutes to thereby label the cells with a radioiso-
tope. After the reaction, the cells were washed three times by
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suspension in the RPMI1640-FBS(10) medium and subse-
quent centrifugation, re-suspended in the medium and then
incubated at 4° C. for 30 minutes in ice for spontaneous
dissociation of the radioactive substance. After centrifuga-
tion, the cells were adjusted to 2.5x10° cells/ml by adding 5
ml of the RPMI1640-FBS(10) medium and used as a target
cell suspension.
i1) Preparation of Effector Cell Suspension

From a healthy person, 50 ml of venous blood was col-
lected and gently mixed with 0.5 ml of heparin sodium
(manufactured by Takeda Pharmaceutical). Using Lymphop-
rep (manufactured by Nycomed Pharma AS), the mixture was
centrifuged in accordance with the manufacture’s instruc-
tions to separate a mononuclear cell layer. The cells were
washed three times by centrifuging using the RPMI1640-
FBS(10) medium and then resuspended in the medium to give
a density of 2x10° cells/ml and used as a effector cell suspen-
sion.
iii) Measurement of ADCC Activity

The target cell suspension prepared in the 1) was dispensed
at 50 pl (1x10* cells/well) into each well of a 96 well U-bot-
tom plate (manufactured by Falcon). Next, 100 pl of the
effector cell suspension prepared in the 2) was added thereto
(2x10° cells/well, ratio of the effector cells to the target cells
was 25:1). Each of various anti-CCR4 chimeric antibodies
(the anti-CCR4 chimeric antibody purified in the item (3 ), and
KM2760-1 and KM3060) was further added thereto to give a
final concentration of 0.0025 to 2.5 pg/ml, followed by reac-
tion at 37° C. for 4 hours. After the reaction, the plate was
centrifuged and the amount of *'Cr in the supernatant was
measured using ay-counter. The amount ofthe spontaneously
dissociated *'Cr was calculated by carrying out the same
procedure using the medium alone instead of the effector cell
suspension and antibody solution, and measuring the amount
of >!Cr in the supernatant. The amount of the total dissociated
>!Crwas calculated by carrying out the same procedure using
the medium alone instead of the antibody solution and adding
1 N hydrochloric acid instead of the effector cell suspension
and measuring the amount of >*Cr in the supernatant. The
ADCC activity was calculated based on the formula (II).

Results of the measurement of ADCC activity are shown in
FIG. 53. As shown in FIG. 53, ADCC activity of the purified
anti-CCR4 chimeric antibody obtained from the GMD-ex-
pressed CHO/CCR4-L.CA was decreased to a similar degree
to that of the KM3060 obtained in Example 8. On the other
hand, ADCC activity of the purified anti-CCR4 chimeric
antibody obtained from the pAGE249 vector-introduced
CHO/CCR4-L.CA showed a similar degree of ADCC activity
to that of the purified anti-CCR4 chimeric antibody obtained
from the CHO/CCR4-LCA. Based on the results, it was sug-
gested that expression level of GMD gene in the CHO/CCR4-
LCA is decreased and, as a result, an antibody having potent
ADCC activity can be produced
(6) Sugar Chain Analysis of Anti-CCR4 Chimeric Antibody
Derived from GMD-Expressed CHO/CCR4-LCA

Sugar chains binding to the purified anti-CCR4 chimeric
antibody obtained in the item (3) were analyzed in accor-
dance with the method shown in Example 14(4), with the
analyzed results shown in FIG. 55. In comparison with the
purified anti-CCR4 chimeric antibody prepared from CHO/
CCR4-LCA in Example 14, the ratio of sugar chain having no
a-1,6-fucose in the purified anti-CCR4 chimeric antibody
derived from GMD-expressed CHO/CCR4-LCA was
decreased to 9% when calculated from the peak area. Thus, it
was shown that the ratio of sugar chain having no a-1,6-
fucose in the antibody produced by the cell is decreased to
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similar level of the antibody produced by the strain 5-03, by
expressing GMD gene in the CHO/CCR4-LCA

Example 16

Preparation of Various Genes Encoding Enzymes
Relating to the Sugar Chain Synthesis in CHO Cell

1. Determination of CHO Cell-Derived FX ¢cDNA Sequence
(1) Extraction of Total RNA from CHO/DG44 Cell

CHO/DG44 cells were suspended in IMDM medium con-
taining 10% fetal bovine serum (manufactured by Life Tech-
nologies) and 1x concentration HT supplement (manufac-
tured by Life Technologies), and 15 ml of the suspension was
inoculated into a T75 flask for adhesion cell culture use
(manufactured by Greiner)to give a density of 2x10° cells/ml.
On the second day after culturing them at 37° C.ina 5% CO,
incubator, 1x107 of the cells were recovered and total RNA
was extracted therefrom using RNAeasy (manufactured by
QIAGEN) in accordance with the manufacture’s instructions.
(2) Preparation of Total Single-Stranded ¢cDNA from CHO/
DG44 Cell

The total RNA prepared in the (1) was dissolved in 45 ul of
sterile water, and 1 pl of RQ1 RNase-Free DNase (manufac-
tured by Promega), 5 pul of the attached 10x DNase buffer and
0.5 pl of RNasin Ribonuclease Inhibitor (manufactured by
Promega) were added thereto, followed by reaction at 37° C.
for 30 minutes to degrade genome DNA contaminated in the
sample. After the reaction, the total RNA was purified again
using RNAeasy (manufactured by QIAGEN) and dissolved in
50 pl of sterile water.

In a 20 pl of reaction mixture using oligo(dT) as a primer,
single-stranded ¢cDNA was synthesized from 3 ng of the
obtained total RNA samples by carrying out reverse tran-
scription reaction using SUPERSCRIPT™ Preamplification
System for First Strand cDNA Synthesis (manufactured by
Life Technologies) in accordance with the manufacture’s
instructions. A 50 folds-diluted aqueous solution of the reac-
tion solution was used in the cloning of GFPP and FX. This
was stored at —80° C. until use.

(3) Preparation of cDNA Partial Fragment of Chinese Ham-
ster-Derived FX

FX c¢DNA partial fragment derived from Chinese hamster
was prepared by the following procedure.

First, primers (shown in SEQ ID NOs:42 and 43) specific
for common nucleotide sequences registered at a public data
base, namely a human FX ¢cDNA (Genebank Accession No.
U58766) and a mouse cDNA (Genebank Accession No.
M30127), were designed.

Next, 25 pl of a reaction solution [ExTaq buffer (manufac-
tured by Takara Shuzo), 0.2 mmol/l dNTPs and 0.5 umol/1
gene-specific primers (SEQ ID NOs:42 and 43)] containing 1
ul of the CHO/DG44-derived single-stranded cDNA pre-
pared in the item (2) was prepared, and polymerase chain
reaction (PCR) was carried out using a DNA polymerase
ExTaq (manufactured by Takara Shuzo). The PCR was car-
ried out by heating at 94° C. for 5 minutes, subsequent 30
cycles of heating at 94° C. for 1 minute, 58° C. for 2 minutes
and 72° C. for 3 minutes as one cycle, and final heating at 72°
C. for 10 minutes.

After the PCR, the reaction solution was subjected to 2%
agarose gel electrophoresis, and a specific amplified fragment
of 301 bp was purified using QuiaexIl Gel Extraction Kit
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(manufactured by Quiagen) and eluted with 20 ul of sterile
water (hereinafter, the method was used for the purification of
DNA fragments from agarose gel). Into a plasmid pCR2.1, 4
ul of the amplified fragment was employed to insert in accor-
dance with the instructions attached to TOPO TA Cloning Kit
(manufactured by Invitrogen), and E. coli DH5a was trans-
formed with the reaction solution by the method of Cohen et
al. [Proc. Natl. Acad. Sci. USA, 69,2110 (1972)] (hereinafter,
the method was used for the transformation of E. coli). Plas-
mid DNA was isolated in accordance with a known method
[Nucleic Acids Research, 7, 1513 (1979)] (hereinafter, the
method was used for the isolation of plasmid) from the
obtained several kanamycin-resistant colonies to obtain 2
clones into which FX ¢cDNA partial fragments were respec-
tively inserted. They are referred to as pCRFX clone 8 and
pCRFX clone 12.

The nucleotide sequence of the cDNA inserted into each of
the FX clone 8 and FX clone 12 was determined using DNA
Sequencer 377 (manufactured by Parkin Elmer) and BigDye
Terminator Cycle Sequencing FS Ready Reaction kit (manu-
factured by Parkin Elmer) in accordance with the method of
the manufacture’s instructions. It was confirmed that each of
the inserted cDNA whose sequence was determined encodes
open reading frame (ORF) partial sequence of the Chinese
hamster FX.

(4) Synthesis of Single-Stranded cDNA for RACE

Single-stranded cDNA samples for 5' and 3' RACE were
prepared from the CHO/DG44 total RNA extracted in the
item (1) using SMART™ RACE ¢DNA Amplification Kit
(manufactured by CLONTECH) in accordance with the
manufacture’s instructions. In the case, PowerScript™
Reverse Transcriptase (manufactured by CLONTECH) was
used as the reverse transcriptase. Each single-stranded cDNA
after the preparation was diluted 10 folds with the Tricin-
EDTA buffer attached to the kit and used as the template of
PCR.

(5) Determination of Chinese Hamster-Derived FX Full
Length cDNA by RACE Method

Based on the FX partial sequence derived from Chinese
hamster determined in the item (3), primers FXGSP1-1 (SEQ
1D NO:44) and FXGSP1-2 (SEQ ID NO:45) for the Chinese
hamster FX-specific 5' RACE and primers FXGSP2-1 (SEQ
1D NO:46) and FXGSP2-2 (SEQ ID NO:47) for the Chinese
hamster FX-specific 3' RACE were designed.

Next, polymerase chain reaction (PCR) was carried out
using Advantage2 PCR Kit (manufactured by CLONTECH),
by preparing 50 pl of a reaction solution [Advantage2 PCR
buffer (manufactured by CLONTECH), 0.2 mM dNTPs, 0.2
umol/l Chinese hamster FX-specific primers for RACE and
1x concentration of common primers (manufactured by
CLONTECH)] containing 1 pl of the CHO/DG44-derived
single-stranded cDNA for RACE prepared in the item (4).

The PCR was carried out by repeating 20 cycles of heating
at 94° C. for 5 seconds, 68° C. for 10 seconds and 72° C. for
2 minutes as one cycle.

After completion of the reaction, 1 pl of the reaction solu-
tion was diluted 50-folds with the Tricin-EDTA buffer, and 1
ul of the diluted solution was used as a template. The reaction
solution was again prepared and the PCR was carried out
under the same conditions. The templates, the combination of
primers used in the first and second PCRs and the length of
amplified DNA fragments by the PCRs are shown in Table 8.
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TABLE 8

Combination of primers used in Chinese hamster
FX ¢cDNA RACE PCR and the size of PCR products

FX-specific PCR-amplified
primers Common primers product size
5'RACE
First FXGSP1-1  UPM 300 bp
(Universal primer mix)
Second FXGSP1-2  NUP
(Nested Universal primer)
3'RACE
First FXGSp2-1  UPM 1,100 bp
(Universal primer mix)
Second FXGSp2-2  NUP

(Nested Universal primer)

After the PCR, the reaction solution was subjected to 1%
agarose gel electrophoresis, and the specific amplified frag-
ment of interest was purified using QiaexII Gel Extraction Kit
(manufactured by Qiagen) and eluted with 20 pl of sterile
water. Into a plasmid pCR2.1, 4 ul of the amplified fragment
was inserted, and E. coli DHS5a was transformed using the
reaction solution in accordance with the instructions attached
to TOPO TA Cloning Kit (manufactured by Invitrogen).

Plasmid DNAs were isolated from the appeared several
kanamycin-resistant colonies to obtain 5 cDNA clones con-
taining Chinese hamster FX 5' region. They are referred to as
FX5' clone 25, FX5' clone 26, FX5' clone 27, FX5' clone 28,
FX5' clone 31 and FX5' clone 32.

In the same manner, 5 cDNA clones containing Chinese
hamster FX 3' region were obtained. These FX3' clones are
referred to as FX3' clone 1, FX3' clone 3, FX3' clone 6, FX3'
clone 8 and FX3' clone 9.

The nucleotide sequence of the cDNA moiety of each of
the clones obtained by the 5' and 3' RACE was determined
using DNA Sequencer 377 (manufactured by Parkin Elmer)
in accordance with the method described in the manufac-
ture’s instructions. By comparing the ¢cDNA nucleotide
sequences determined by the method, reading errors of nucle-
otide bases due to PCR were excluded and the full length
nucleotide sequence of Chinese hamster FX cDNA was deter-
mined. The determined sequence is shown in SEQ ID NO:48.
2. Determination of CHO Cell-Derived GFPP cDNA
Sequence
(1) Preparation of GFPP ¢cDNA Partial Fragment Derived
from Chinese Hamster

GFPP c¢DNA partial fragment derived from Chinese ham-
ster was prepared by the following procedure.

First, nucleotide sequences of a human GFPP cDNA
(Genebank Accession No. number AF017445), mouse EST
sequences having high homology with the sequence
(Genebank Accession Nos. AlI467195, AA422658,
BE304325 and A1466474) and rat EST sequences (Genebank
Accession Nos. BF546372, AI058400 and AW 144783), reg-
istered at public data bases, were compared, and primers
GFPP FW9 and GFPP RV9 (SEQ ID NOs:49 and 50) specific
for rat GFPP were designed on a highly preserved region
among these three species.

Next, polymerase chain reaction (PCR) was carried out
using a DNA polymerase ExTaq (manufactured by Takara
Shuzo), by preparing 25 ul of a reaction solution [ExTaq
buffer (manufactured by Takara Shuzo), 0.2 mM dNTPs and
0.5 umol/l GFPP-specific primers GFPP FW9 and GFPP RV9
(SEQ ID NOs:49 and 50)] containing 1 pl of the CHO/DG44-
derived single-stranded cDNA prepared in the item 1(2). The

10

15

20

35

40

45

50

60

124

PCR was carried out by heating at 94° C. for 5 minutes,
subsequent 30 cycles of heating at 94° C. for 1 minute, 58° C.
for 2 minutes and 72° C. for 3 minutes as one cycle, and final
heating at 72° C. for 10 minutes.

After the PCR, the reaction solution was subjected to 2%
agarose gel electrophoresis, and a specific amplified fragment
of 1.4 Kbp was purified using QuiaexIl Gel Extraction Kit
(manufactured by Quiagen) and eluted with 20 ul of sterile
water. Into a plasmid pCR2.1, 4 pul of the amplified fragment
was employed to insert in accordance with the instructions
attached to TOPO TA Cloning Kit (manufactured by Invitro-
gen), and E. coli DH5a was transformed using the reaction
solution.

Plasmid DNAs were isolated from the appeared several
kanamycin-resistant colonies to obtain 3 clones into which
GFPP cDNA partial fragments were respectively integrated.
They are referred to as GFPP clone 8, GFPP clone 11 and
GFPP clone 12.

The nucleotide sequence of the cDNA inserted into each of
the GFPP clone 8, GFPP clone 11 and GFPP clone 12 was
determined using DNA Sequencer 377 (manufactured by Par-
kin Elmer) and BigDye Terminator Cycle Sequencing FS
Ready Reaction kit (manufactured by Parkin Elmer) in accor-
dance with the method described in the manufacture’s
instructions. It was confirmed that the inserted cDNA whose
sequence was determined encodes open reading frame (ORF)
partial sequence of the Chinese hamster GFPP.

(2) Determination of Chinese Hamster GFPP Full Length
c¢DNA by RACE Method

Based on the Chinese hamster FX partial sequence deter-
mined in the item 2(1), primers GFPP GSP1-1 (SEQ ID
NO:52) and GFPP GSP1-2 (SEQ ID NO:53) for the Chinese
hamster FX-specific 5' RACE and primers GFPP GSP2-1
(SEQID NO:54) and GFPP GSP2-2 (SEQ ID NO:55) for the
Chinese hamster GFPP-specific 3' RACE were designed.

Next, polymerase chain reaction (PCR) was carried out
using Advantage2 PCR Kit (manufactured by CLONTECH),
by preparing 50 pl of a reaction solution [Advantage2 PCR
buffer (manufactured by CLONTECH), 0.2 mM dNTPs, 0.2
umol/l Chinese hamster GFPP-specific primers for RACE
and 1x concentration of common primers (manufactured by
CLONTECH)] containing 1 pl of the CHO/DG44-derived
single-stranded cDNA for RACE prepared in the item (4).

The PCR was carried out by repeating 20 cycles of heating
at 94° C. for 5 seconds, 68° C. for 10 seconds and 72° C. for
2 minutes as one cycle.

After completion of the reaction, 1 pl of the reaction solu-
tion was diluted 50-folds with the Tricin-EDTA buffer, and 1
ul of the diluted solution was used as a template. The reaction
solution was again prepared and the PCR was carried out
under the same conditions. The templates, the combination of
primers used in the first and second PCRs and the size of
amplified DNA fragments by the PCRs are shown in Table 9.

TABLE 9
Combination of primers used in Chinese hamster
GEPP ¢cDNA RACE PCR and the size of PCR products

GFPP-specific PCR-amplified

primers Common primers product size
5'RACE
First GFPPGSP1-1  UPM 1,100 bp

(Universal primer mix)

Second GFPPGSP1-2  NUP

(Nested Universal primer)
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TABLE 9-continued

Combination of primers used in Chinese hamster
GFPP ¢cDNA RACE PCR and the size of PCR products

GFPP-specific PCR-amplified

primers Common primers product size
3'RACE
First GFPPGSP2-1 UPM 1,400 bp
(Universal primer mix)
Second GFPPGSP2-2 NUP

(Nested Universal primer)

After the PCR, the reaction solution was subjected to 1%
agarose gel electrophoresis, and the specific amplified frag-
ment of interest was purified using QiaexII Gel Extraction Kit
(manufactured by Qiagen) and eluted with 20 pl of sterile
water. Into a plasmid pCR2.1, 4 ul of the amplified fragment
was employed to insert and E. coli DH5a was transformed
with the reaction solution in accordance with the instructions
attached to TOPO TA Cloning Kit (manufactured by Invitro-
gen).

Plasmid DNAs were isolated from the obtained several
kanamycin-resistant colonies to obtain 4 cDNA clones con-
taining Chinese hamster GFPP 5' region. They are referred to
as GFPP5' clone 1, GFPP5' clone 2, GFPP5' clone 3 and
GFPPS' clone 4.

In the same manner, 5 cDNA clones containing Chinese
hamster GFPP 3' region were obtained. They are referred to as
GFPP3' clone 10, GFPP3' clone 16 and GFPP3' clone 20.

The nucleotide sequence of the cDNA of each of the clones
obtained by the 5' and 3' RACE was determined using DNA
Sequencer 377 (manufactured by Parkin Elmer) in accor-
dance with the method described in the manufacture’s
instructions. By comparing the cDNA nucleotide sequences
after the nucleotide sequence determination, reading errors of
bases due to PCR were excluded and the full length nucle-
otide sequence of Chinese hamster GFPP ¢cDNA was deter-
mined. The determined sequence is shown in SEQ ID NO:51.

Example 17
Preparation of CHO Cell-Derived GMD Gene

1. Determination of CHO Cell-Derived GMD c¢DNA
Sequence

(1) Preparation of CHO Cell-Derived GMD Gene ¢cDNA
(Preparation of Partial cDNA Excluding 5'- and 3'-Terminal
Sequences)

Rodents-derived GMD c¢DNA was searched in a public
data base (BLAST) using a human-derived GMD cDNA
sequence (GenBank Accession No. AF042377) registered at
GenBank as a query, and three kinds of mouse EST sequences
were obtained (GenBank Accession Nos. BE986856,
BF158988 and BE284785). By ligating these EST sequences,
a deduced mouse GMD c¢DNA sequence was determined.

On the base of the mouse-derived GMD c¢DNA sequence, a
28 mer primer having the sequence represented by SEQ ID
NO:56, a 27 mer primer having the sequence represented by
SEQ ID NO:57, a 25 mer primer having the sequence repre-
sented by SEQ ID NO:58, a 24 mer primer having the
sequence represented by SEQ ID NO:59 and a 25 mer primer
having the sequence represented by SEQ ID NO:60 were
generated.

Next, in order to amplify the CHO cell-derived GMD
c¢DNA, PCR was carried out by the following method. A 20 ul
portion of a reaction solution [1x Ex Taq buffer (manufac-
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tured by Takara Shuzo), 0.2 mM dNTPs, 0.5 unit of Ex Taq
polymerase (manufactured by Takara Shuzo) and 0.5 pM of
two synthetic DNA primers] containing 0.5 pl of the CHO
cell-derived single-stranded cDNA prepared in Example 15-1
(1) as the template was prepared. In this case, combinations of
SEQ ID NO:56 with SEQ ID NO:57, SEQ ID NO:58 with
SEQ ID NO:57, SEQ ID NO:56 with SEQ ID NO:59 and
SEQ ID NO:56 with SEQ ID NO:60 were used as the syn-
thetic DNA primers. The reaction was carried out using DNA
Thermal Cycler 480 (manufactured by Perkin Elmer) by heat-
ing at 94° C. for 5 minutes and subsequent 30 cycles of
heating at 94° C. for 1 minute and 68° C. for 2 minutes as one
cycle.

The PCR reaction solution was fractionated by agarose
electrophoresis to find that a DNA fragment of about 1.2 kbp
was amplified in the PCR product when synthetic DNA prim-
ers of SEQ ID NOs:56 and 57 were used, a fragment of about
1.1 kbp was amplified in the PCR product when synthetic
DNA primers of SEQ ID NOs:57 and 59 were used, a frag-
ment of about 350 bp was amplified in the PCR product when
synthetic DNA primers of SEQ ID NOs:56 and 59 were used
and a fragment of about 1 kbp was amplified in the PCR
product when synthetic DNA primers of SEQ ID NOs:56 and
60 were used. The DNA fragments were recovered using
Gene Clean II Kit (manufactured by BIO 101) in accordance
with the manufacture’s instructions. The recovered DNA
fragments were ligated to a pT7Blue(R) vector (manufac-
tured by Novagen) using DNA Ligation Kit (manufactured by
Takara Shuzo), and E. coli DH (manufactured by Toyobo)
was transformed using the obtained recombinant plasmid
DNA samples to thereby obtain plasmids 22-8 (havinga DNA
fragment of about 1.2 kbp amplified from synthetic DNA
primers of SEQ ID NO:56 and SEQ ID NO:57), 23-3 (having
a DNA fragment of about 1.1 kbp amplified from synthetic
DNA primers of SEQ ID NO:58 and SEQ ID NO:57),31-5 (a
DNA fragment of about 350 bp amplified from synthetic
DNA primers of SEQ ID NO:56 and SEQ ID NO:59) and
34-2 (having a DNA fragment of about 1 kbp amplified from
synthetic DNA primers of SEQ ID NO:56 and SEQ ID
NO:60). The CHO cell-derived GMD c¢DNA sequence con-
tained in these plasmids was determined in the usual way
using a DNA sequencer ABI PRISM 377 (manufactured by
Parkin Elmer) (since a sequence of 28 bases in downstream of
the initiation codon methionine in the 5'-terminal side and a
sequence of 27 bases in upstream of the termination codon in
the 3'-terminal side are originated from synthetic oligo DNA
sequences, they are mouse GMD cDNA sequences).

In addition, the following steps were carried out in order to
prepare a plasmid in which the CHO cell-derived GMD
c¢DNA fragments contained in the plasmids 22-8 and 34-2 are
combined. The plasmid 22-8 (1 ng) was allowed to react with
a restriction enzyme EcoRI (manufactured by Takara Shuzo)
at 37° C. for 16 hours, the digest was subjected to agarose
electrophoresis and then a DNA fragment of about 4 kbp was
recovered using Gene Clean II Kit (manufactured by BIO
101) in accordance with the manufacture’s instructions. The
plasmid 34-2 (2 pg) was allowed to react with a restriction
enzyme EcoRI at 37° C. for 16 hours, the digest was subjected
to agarose electrophoresis and then a DNA fragment of about
150 bp was recovered using Gene Clean II Kit (manufactured
by BIO 101) in accordance with the manufacture’s instruc-
tions. The recovered DNA fragments were respectively sub-
jected to terminal dephosphorylation using Calf Intestine
Alkaline Phosphatase (manufactured by Takara Shuzo) and
then ligated using DNA Ligation Kit (manufactured by
Takara Shuzo), and E. coli DH5a. (manufactured by Toyobo)
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was transformed using the obtained recombinant plasmid
DNA to obtain a plasmid CHO-GMD (cf. FIG. 54).
(2) Determination of 5'-Terminal Sequence of CHO Cell-
Derived GMD cDNA

A 24 mer primer having the nucleotide sequence repre-
sented by SEQ ID NO:61 was prepared from 5'-terminal side
non-coding region nucleotide sequences of CHO cell-derived
human and mouse GMD cDNA, and a 32 mer primer having
the nucleotide sequence represented by SEQ ID NO:62 from
CHO cell-derived GMD c¢DNA sequence were prepared, and
PCR was carried out by the following method to amplify
c¢DNA. Then, 20 pl of a reaction solution [1x Ex Taq buffer
(manufactured by Takara Shuzo), 0.2 mM dNTPs, 0.5 unit of
Ex Taq polymerase (manufactured by Takara Shuzo) and 0.5
UM of the synthetic DNA primers of SEQ ID NO:61 and SEQ
ID NO:62] containing 0.5 pl of the single-stranded cDNA
prepared in Example 15-1(1) was prepared as the template,
and the reaction was carried out therein using DNA Thermal
Cycler 480 (manufactured by Perkin Elmer) by heating at 94°
C. for 5 minutes, subsequent 20 cycles of heating at 94° C. for
1 minute, 55° C. for 1 minute and 72° C. for 2 minutes as one
cycle and further 18 cycles of heating at 94° C. for 1 minute
and 68° C. for 2 minutes as one cycle. After fractionation of
the PCR reaction solution by agarose electrophoresis, a DNA
fragment of about 300 bp was recovered using Gene Clean 11
Kit (manufactured by BIO 101) in accordance with the manu-
facture’s instructions. The recovered DNA fragment was
ligated to a pT7Blue(R) vector (manufactured by Novagen)
using DNA Ligation Kit (manufactured by Takara Shuzo),
and E. coli DH5a (manufactured by Toyobo) was trans-
formed using the obtained recombinant plasmid DNA
samples to thereby obtain a plasmid 5'GMD. Using DNA
Sequencer 377 (manufactured by Parkin Elmer), the nucle-
otide sequence of 28 bases in downstream of the initiation
methionine of CHO cell-derived GMD c¢DNA contained in
the plasmid was determined.

(3) Determination of 3'-Terminal Sequence of CHO Cell-
Derived GMD cDNA

In order to obtain 3'-terminal cDNA sequence of CHO
cell-derived GMD, RACE method was carried out by the
following method. A single-stranded cDNA for 3' RACE was
prepared from the CHO cell-derived RNA obtained in
Example 15-1(1) using SMART™ RACE ¢DNA Amplifica-
tion Kit (manufactured by CLONTECH) in accordance with
the manufacture’s instructions. In the case, PowerScript™
Reverse Transcriptase (manufactured by CLONTECH) was
used as the reverse transcriptase. The single-stranded cDNA
after the preparation was diluted 10 folds with the Tricin-
EDTA buffer attached to the kit and used as the template of
PCR.

Next, 20 ul of a reaction solution [ExTaq buffer (manufac-
tured by Takara Shuzo), 0.2 mM dNTPs, 0.5 unit of EX Taq
polymerase (manufactured by Takara Shuzo), 0.5 uM of the
25 mer synthetic DNA primer shown in SEQ ID NO:63
[generated on the base of the CHO cell-derived GMD ¢cDNA
sequence determined in the item (1)] and 1x concentration of
Universal Primer Mix (attached to SMART™ RACE cDNA
Amplification Kit; manufactured by CLONTECH] contain-
ing 1 pl of the ¢cDNA for 3' RACE as the template was
prepared, and PCR was carried out using DNA Thermal
Cycler 480 (manufactured by Perkin Elmer) by heating at 94°
C. for 5 minutes and subsequent 30 cycles of heating at 94° C.
for 1 minute and 68° C. for 2 minutes as one cycle.

After completion of the reaction, 1 ul of the PCR reaction
solution was diluted 20 folds with Tricin-EDTA buffer
(manufactured by CLONTECH). Then, 20 pl of a reaction
solution [ExTaq buffer (manufactured by Takara Shuzo), 0.2
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mM dNTPs, 0.5 unit of EX Taq polymerase (manufactured by
Takara Shuzo), 0.5 uM of the 25 mer synthetic DNA primer
shown in SEQ ID NO:64 [generated on the base of the CHO
cell-derived GMD ¢DNA sequence determined in the item
(1)] and 0.5 uM of Nested Universal Primer (attached to
SMART™ RACE cDNA Amplification Kit; manufactured
by CLONTECH) containing 1 pl of the 20 folds-diluted aque-
ous solution as the template] was prepared, and the reaction
was carried out using DNA Thermal Cycler 480 (manufac-
tured by Perkin Elmer) by heating at 94° C. for 5 minutes and
subsequent 30 cycles at 94° C. for 1 minute and 68° C. for 2
minutes as one cycle.

After completion of the reaction, the PCR reaction solution
was fractionated by agarose electrophoresis and then a DNA
fragment of about 700 bp was recovered using Gene Clean 11
Kit (manufactured by BIO 101) in accordance with the manu-
facture’s instructions. The recovered DNA fragment was
ligated to a pT7Blue(R) vector (manufactured by Novagen)
using DNA Ligation Kit (manufactured by Takara Shuzo),
and E. coli DH5a (manufactured by Toyobo) was trans-
formed using the obtained recombinant plasmid DNA,
thereby obtaining a plasmid 3'GMD. Using DNA Sequencer
377 (manufactured by Parkin Elmer), the nucleotide
sequence of 27 bases in upstream of the termination codon of
CHO cell-derived GMD c¢DNA contained in the plasmid was
determined.

The full length cDNA sequence of the CHO-derived GMD
gene determined by the items (1), (2) and (3) and the corre-
sponding amino acid sequence are shown in SEQ ID NOs:65
and 71, respectively.

2. Determination of Genomic Sequence Containing CHO/
DG44-Derived Cell GMD Gene

A 25 mer primer having the nucleotide sequence repre-
sented by SEQ ID NO:66 was prepared from the mouse GMD
c¢DNA sequence determined in Example 17-1. Next, a CHO
cell-derived genome DNA was obtained by the following
method. A CHO/DG44 cell-derived KC861 was suspended in
IMDM-dFBS(10)-HT(1)  medium  [IMDM-dFBS(10)
medium comprising 1x concentration of HT supplement
(manufactured by Invitrogen)] to give a density of 3x10°
cells/ml, and the suspension was dispensed at 2 ml/well into
a 6 well flat bottom plate for adhesion cell use (manufactured
by Greiner). After culturing them at 37° C. in a 5% CO,
incubator until the cells became confluent on the plate,
genome DNA was prepared from the cells on the plate by a
known method [Nucleic Acids Research, 3, 2303 (1976)] and
dissolved overnight in 150 pul of TE-RNase buffer (pH 8.0)
(10 mmol/1 Tris-HCl, 1 mmol/l EDTA, 200 pg/ml RNase A).

A reaction solution (20 pl) [1x Ex Taq buffer (manufac-
tured by Takara Shuzo), 0.2 mM dNTPs, 0.5 unit of EX Taq
polymerase (manufactured by Takara Shuzo) and 0.5 pM of
synthetic DNA primers of SEQ ID NO:59 and SEQ ID
NO:66] containing 100 ng of the obtained CHO/DG44 cell-
derived genome DNA was prepared, and PCR was carried out
using DNA Thermal Cycler 480 (manufactured by Perkin
Elmer) by heating at 94° C. for 5 minutes and subsequent 30
cycles of heating at 94° C. for 1 minute and 68° C. for 2
minutes as one cycle. After completion of the reaction, the
PCR reaction solution was fractionated by agarose electro-
phoresis and then a DNA fragment of about 100 bp was
recovered using Gene Clean II Kit (manufactured by BIO
101) in accordance with the manufacture’s instructions. The
recovered DNA fragment was ligated to a pT7Blue(R) vector
(manufactured by Novagen) using DNA Ligation Kit (manu-
factured by Takara Shuzo), and E. coli DH5a (manufactured
by Toyobo) was transformed using the obtained recombinant
plasmid DNA, thereby obtaining a plasmid ex3. Using DNA
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Sequencer 377 (manufactured by Parkin Elmer), the nucle-
otide sequence of CHO cell-derived genome DNA contained
in the plasmid was determined. The result is shown in SEQ ID
NO:67.

Next, a 25 mer primer having the nucleotide sequence
represented by SEQ ID NO:68 and a 25 mer primer having the
nucleotide sequence represented by SEQ ID NO:69 were
generated on the base of the CHO cell-derived GMD cDNA
sequence determined in Example 17-1. Next, 20 ul of a reac-

130
Example 18

Sugar Chain Analysis of Conventionally Available
Antibodies

Sugar chains binding to a conventionally available anti-
HER2/neu antibody Herceptin (manufactured by GENEN-
TECH and Roche) produced by CHO cell as the host cell was
analyzed in accordance with the method of Example 10(6)
(FIG. 31). When calculated from each peak area of elution

tion solution [1x Ex Taq buffer .(manufactured by Takara ' diagram, the content of a-1,6-fucose-free sugar chains of
Shuzo), 0.2 mM dNTPs, 0.5 unit of EX Taq polymerase Herceptin was 16%, and the content of a-1,6-fucose-bound
(manufactured by Takara Shuzo) and 0.5 uM of the synthetic sugar chains was 84%. The same analysis was carried out on
DNA primers of SEQ ID NO:68 and SEQ ID NO:69] con- other commercially available antibodies, Rituxan (manufac-
taining 100 ng of the CHO/DG44-derived genome DNA was tured by GENENTECH, Roche and IDEC) and Zenapax
prepared, and PCR was carried out using DNA Thermal !5 (manufactured by Roche and PDL), and the a.-1,6-fucose-
Cycler 480 (manufactured by Perkin Elmer) by heating at 94° free sugar chain content of was less than that in Herceptin.
C. for 5 minutes and subsequent 30 cycles of heating at 94° C. FIG. 31 is a graph showing elution pattern of PA-treated
for 1 minute and 68° C. for 2 minutes as one cycle. sugar chains prepared from Herceptin, obtained by analyzing

After completion of the reaction, the PCR reaction solution them by reverse phase HPLC. The relative fluorescence inten-
was fractionated by agarose electrophoresis and then a DNA 20 sity and the elution time are plotted as the ordinate and the
fragment of about 200 bp was recovered using Gene Clean 11 abscissa, respectively. The reverse phase HPL.C analysis con-
Kit (manufactured by BIO 101) in accordance with the manu- ditions, sugar chain structure analysis and calculation of the
facture’s instructions. The recovered DNA fragment was ratio of sugar chain group containing no a.-1,6-fucose sugar
ligated to a pT7Blue(R) vector (manufactured by Novagen) chain were carried out by the same methods of Example
using DNA Ligation Kit (manufactured by Takara Shuzo), 23 11(6).
and E. coli DH5a (manufactured by Toyobo) was trans- While the invention has been described in detail and with
formed using the obtained recombinant plasmid DNA, reference to specific embodiments thereof, it will be apparent
thereby obtaining a plasmid ex4. Using DNA Sequencer 377 to one skill in the art that various changes and modifications
(manufactured by Parkin Elmer), the nucleotide sequence of can be made therein without departing from the spirit and
CHO cell-derived genome DNA contained in the plasmid was 3% scope thereof. All references cited herein are incorporated in
determined. The result is shown in SEQ ID NO:70. their entirety.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 73

<210> SEQ ID NO 1

<211> LENGTH: 2008

<212> TYPE: DNA

<213> ORGANISM: Cricetulus griseus

<400> SEQUENCE: 1

aacagaaact tattttectg tgtggctaac tagaaccaga gtacaatgtt tccaattett 60

tgagcteccga gaagacagaa gggagttgaa actctgaaaa tgegggcatyg gactggttece 120

tggcgttgga ttatgctcat tetttttgece tgggggacct tattgtttta tataggtggt 180

catttggtte gagataatga ccaccctgac cattctageca gagaactcte caagattett 240

gcaaagctygyg agegcttaaa acaacaaaat gaagacttga ggagaatgge tgagtctete 300

cgaataccag aaggccctat tgatcagggyg acagctacag gaagagtceceg tgttttagaa 360

gaacagcttyg ttaaggccaa agaacagatt gaaaattaca agaaacaagc taggaatgat 420

ctgggaaagg atcatgaaat cttaaggagyg aggattgaaa atggagctaa agagetctgg 480

ttttttctac aaagtgaatt gaagaaatta aagaaattag aaggaaacga actccaaaga 540

catgcagatg aaattctttt ggatttagga catcatgaaa ggtctatcat gacagatcta 600

tactacctca gtcaaacaga tggagcaggt gagtggceggyg aaaaagaage caaagatctg 660

acagagetgg tccageggag aataacatat ctgcagaatce ccaaggactyg cagcaaagece 720

agaaagctgg tatgtaatat caacaaaggce tgtggctatyg gatgtcaact ccatcatgtg 780

gtttactget tcatgattge ttatggcace cagcgaacac tcatcttgga atctcagaat 840

tggegetatyg ctactggagg atgggagact gtgtttagac ctgtaagtga gacatgcaca 900
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gacaggtctyg gectetcecac tggacactgg tcaggtgaag tgaaggacaa aaatgttcaa 960
gtggtcgage tccccattgt agacagectce catcctcegte ctecttactt acccttgget 1020
gtaccagaag accttgcaga tcgactcctg agagtccatg gtgatcctge agtgtggtgg 1080
gtatcccagt ttgtcaaata cttgatccgt ccacaacctt ggctggaaag ggaaatagaa 1140
gaaaccacca agaagcttgg cttcaaacat ccagttattg gagtccatgt cagacgcact 1200
gacaaagtgg gaacagaagc agccttccat cccattgagg aatacatggt acacgttgaa 1260
gaacattttc agcttctcga acgcagaatg aaagtggata aaaaaagagt gtatctggcece 1320
actgatgacc cttctttgtt aaaggaggca aagacaaagt actccaatta tgaatttatt 1380
agtgataact ctatttcttg gtcagctgga ctacacaacc gatacacaga aaattcactt 1440
cggggcegtga tcctggatat acactttcte tcccaggetg actteccttgt gtgtactttt 1500
tcatcccagg tcectgtagggt tgcttatgaa atcatgcaaa cactgcatcce tgatgcctcet 1560
gcaaacttcc attctttaga tgacatctac tattttggag gccaaaatgc ccacaaccag 1620
attgcagttt atcctcacca acctcgaact aaagaggaaa tccccatgga acctggagat 1680
atcattggtg tggctggaaa ccattggaat ggttactcta aaggtgtcaa cagaaaacta 1740
ggaaaaacag gcctgtacce ttcctacaaa gtccgagaga agatagaaac agtcaaatac 1800
cctacatatc ctgaagctga aaaatagaga tggagtgtaa gagattaaca acagaattta 1860
gttcagacca tctcagccaa gcagaagacc cagactaaca tatggttcat tgacagacat 1920
gcteecgcace aagagcaagt gggaaccctce agatgctgca ctggtggaac gcctetttgt 1980
gaagggctge tgtgccctca agcccatg 2008
<210> SEQ ID NO 2

<211> LENGTH: 1728

<212> TYPE: DNA

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 2

atgcgggcat ggactggtte ctggegttgg attatgeteca ttetttttge ctgggggace 60
ttgttatttt atataggtgg tcatttggtt cgagataatg accaccctga tcactccage 120
agagaactct ccaagattct tgcaaagett gaacgcttaa aacagcaaaa tgaagacttg 180
aggcgaatgg ctgagtctet ccgaatacca gaaggcccca ttgaccaggg gacagctaca 240
ggaagagtce gtgttttaga agaacagctt gttaaggcca aagaacagat tgaaaattac 300
aagaaacaag ctagaaatgg tctggggaag gatcatgaaa tcttaagaag gaggattgaa 360
aatggagcta aagagctctg gtttttteta caaagcgaac tgaagaaatt aaagcattta 420
gaaggaaatg aactccaaag acatgcagat gaaattcttt tggatttagg acaccatgaa 480
aggtctatca tgacagatct atactaccte agtcaaacag atggagcagg ggattggegt 540
gaaaaagagg ccaaagatct gacagagctyg gtccagcegga gaataacata tctccagaat 600
cctaaggact gcagcaaage caggaagetg gtgtgtaaca tcaataaagg ctgtggetat 660
ggttgtcaac tccatcacgt ggtctactgt ttcatgattg cttatggcac ccagegaaca 720
ctcatcttgg aatctcagaa ttggegetat getactggtg gatgggagac tgtgtttaga 780
cctgtaagtyg agacatgtac agacagatct ggectctceca ctggacactg gtcaggtgaa 840
gtaaatgaca aaaacattca agtggtcgag ctccccattg tagacagect ccatectegg 900

cctecttact taccactgge tgttccagaa gaccttgecag accgactect aagagtccat 960
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ggtgacccetg cagtgtggtg ggtgtcccag tttgtcaaat acttgattcg tccacaacct 1020
tggctggaaa aggaaataga agaagccacc aagaagcttg gcttcaaaca tccagttatt 1080
ggagtccatyg tcagacgcac agacaaagtg ggaacagaag cagccttcca ccccatcgag 1140
gagtacatgg tacacgttga agaacatttt cagcttctceg cacgcagaat gcaagtggat 1200
aaaaaaagag tatatctggc tactgatgat cctactttgt taaaggaggc aaagacaaag 1260
tactccaatt atgaatttat tagtgataac tctatttcectt ggtcagctgg actacacaat 1320
cggtacacag aaaattcact tcggggtgtg atcctggata tacactttcect ctcacaggcet 1380
gactttctag tgtgtacttt ttcatcccag gtctgtcggg ttgcttatga aatcatgcaa 1440
accctgcate ctgatgccte tgcgaacttce cattctttgg atgacatcta ctattttgga 1500
ggccaaaatg cccacaatca gattgctgtt tatcctcaca aacctcgaac tgaagaggaa 1560
attccaatgg aacctggaga tatcattggt gtggctggaa accattggga tggttattct 1620
aaaggtatca acagaaaact tggaaaaaca ggcttatatc cctcctacaa agtccgagag 1680
aagatagaaa cagtcaagta tcccacatat cctgaagctg aaaaatag 1728
<210> SEQ ID NO 3

<211> LENGTH: 9196

<212> TYPE: DNA

<213> ORGANISM: Cricetulus griseus

<400> SEQUENCE: 3

tctagaccag gctggtcectceg aactcacaga gaaccacctyg cctetgecac ctgagtgcetg 60
ggattaaagyg tgtgcaccac caccgcccgg cgtaaaatca tatttttgaa tattgtgata 120
atttacatta taattgtaag taaaaatttt cagcctattt tgttatacat ttttgcgtaa 180
attattcttt tttgaaagtt ttgttgtcca taatagtcta gggaaacata aagttataat 240
ttttgtctat gtatttgcat atatatctat ttaatctcect aatgtccagg aaataaatag 300
ggtatgtaat agcttcaaca tgtggtatga tagaattttt cagtgctata taagttgtta 360
cagcaaagtg ttattaattc atatgtccat atttcaattt tttatgaatt attaaattga 420
atccttaage tgccagaact agaattttat tttaatcagg aagccccaaa tctgttcatt 480
ctttctatat atgtggaaag gtaggcctca ctaactgatt cttcacctgt tttagaacat 540
ggtccaagaa tggagttatg taaggggaat tacaagtgtg agaaaactcc tagaaaacaa 600
gatgagtctt gtgaccttag tttctttaaa aacacaaaat tcecttggaatg tgttttcatg 660
ttecteccag gtggatagga gtgagtttat ttcagattat ttattacaac tggectgttgt 720
tacttgtttc tatgtcttta tagaaaaaca tatttttttt gccacatgca gcecttgtectt 780
atgattttat acttgtgtga ctcttaactc tcagagtata aattgtctga tgctatgaat 840
aaagttggcet attgtatgag acttcagecce acttcaatta ttggcttcat tctctcagat 900
cccaccacct ccagagtggt aaacaacttg aaccattaaa cagactttag tctttatttg 960

aatgatagat ggggatatca gatttatagg cacagggttt tgagaaaggg agaaggtaaa 1020

cagtagagtt taacaacaac aaaaagtata ctttgtaaac gtaaaactat ttattaaagt 1080

agtagacaag acattaaata ttccttggga ttagtgcttt ttgaattttg ctttcaaata 1140

atagtcagtg agtatacccc tcccccatte tatattttag cagaaatcag aataaatggt 1200

gtttctggta cattcttttg tagagaattt attttctttg ggtttttgtg catttaaagt 1260

caataaaaat taaggttcag taatagaaaa aaaactctga tttttggaat cccctttcett 1320

cagcttttet atttaatctc ttaatgataa tttaatttgt ggccatgtgg tcaaagtata 1380
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tagccttgta tatgtaaatg ttttaaccaa cctgccttta cagtaactat ataattttat 1440
tctataatat atgacttttc ttccatagct ttagagttgce ccagtcactt taagttacat 1500
tttcatatat gttctttgtg ggaggagata attttatttc taagagaatc ctaagcatac 1560
tgattgagaa atggcaaaca aaacacataa ttaaagctga taaagaacga acatttggag 1620
tttaaaatac atagccaccc taagggttta actgttgtta geccttcectttt ggaattttta 1680
ttagttcata tagaaaaatg gattttatcg tgacatttcc atatatgtat ataatatatt 1740
tacatcatat ccacctgtaa ttattagtgt ttttaaatat atttgaaaaa ataatggtct 1800
ggtttgatcc atttgaacct tttgatgttt ggtgtggttg ccaattggtt gatggttatg 1860
ataacctttg cttctctaag gttcaagtca gtttgagaat atgtcctcta aaaatgacag 1920
gttgcaagtt aagtagtgag atgacagcga gatggagtga tgagaatttg tagaaatgaa 1980
ttcacttata ctgagaactt gttttgcttt tagataatga acatattagc ctgaagtaca 2040
tagccgaatt gattaattat tcaaagatat aatcttttaa tccctataaa agaggtatta 2100
cacaacaatt caagaaagat agaattagac ttccagtatt ggagtgaacc atttgttatc 2160
aggtagaacc ctaacgtgtg tggttgactt aaagtgttta ctttttacct gatactgggt 2220
agctaattgt ctttcagcct cctggccaaa gataccatga aagtcaactt acgttgtatt 2280
ctatatctca aacaactcag ggtgtttctt actctttcecca cagcatgtag agcccaggaa 2340
gcacaggaca agaaagctgc ctecttgtat caccaggaag atctttttgt aagagtcatc 2400
acagtatacc agagagacta attttgtctg aagcatcatg tgttgaaaca acagaaactt 2460
attttcetgt gtggctaact agaaccagag tacaatgttt ccaattcttt gagctccgag 2520
aagacagaag ggagttgaaa ctctgaaaat gcgggcatgg actggttcct ggcgttggat 2580
tatgctcatt ctttttgcct gggggacctt attgttttat ataggtggtc atttggttcg 2640
agataatgac caccctgacc attctagcag agaactctcc aagattcttg caaagctgga 2700
gcgcttaaaa caacaaaatg aagacttgag gagaatggct gagtctctcce ggtaggtttg 2760
aaatactcaa ggatttgatg aaatactgtg cttgaccttt aggtataggg tctcagtctg 2820
ctgttgaaaa atataatttc tacaaaccgt ctttgtaaaa ttttaagtat tgtagcagac 2880
tttttaaaag tcagtgatac atctatatag tcaatatagg tttacatagt tgcaatctta 2940
ttttgcatat gaatcagtat atagaagcag tggcatttat atgcttatgt tgcatttaca 3000
attatgttta gacgaacaca aactttatgt gatttggatt agtgctcatt aaattttttt 3060
attctatgga ctacaacaga gacataaatt ttgaaaggct tagttactct taaattctta 3120
tgatgaaaag caaaaattca ttgttaaata gaacagtgca tccggaatgt gggtaattat 3180
tgccatattt ctagtctact aaaaattgtg gcataactgt tcaaagtcat cagttgtttg 3240
gaaagccaaa dtctgattta aatggaaaac ataaacaatg atatctattt ctagatacct 3300
ttaacttgca gttactgagt ttacaagttg tctgacaact ttggattctc ttacttcata 3360
tctaagaatg atcatgtgta cagtgcttac tgtcacttta aaaaactgca gggctagaca 3420
tgcagatatg aagactttga cattagatgt ggtaattggc actaccagca agtggtatta 3480
agatacagct gaatatatta ctttttgagg aacataattc atgaatggaa agtggagcat 3540
tagagaggat gccttctgge tcectcccacac cactgtttge atccattgca tttcacactg 3600
cttttagaac tcagatgttt catatggtat attgtgtaac tcaccatcag ttttatcttt 3660

aaatgtctat ggatgataat gttgtatgtt aacactttta caaaaacaaa tgaagccata 3720
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tceteggtgt gagttgtgat ggtggtaatt gtcacaatag gattattcag caaggaacta 3780
agtcagggac aagaagtggg cgatactttg ttggattaaa tcattttact ggaagttcat 3840
cagggagggt tatgaaagtt gtggtctttg aactgaaatt atatgtgatt cattattctt 3900
gatttaggcc ttgctaatag taactatcat ttattgggaa tttgtcatat gtgccaattt 3960
gtcatgggcc agacagcgtg ttttactgaa tttctagata tcectttatgag attctagtac 4020
tgttttcage cattttacag atgaagaatc ttaaaaaatg ttaaataatt tagtttgccc 4080
aagattatac gttaacaaat ggtagaacct tctttgaatt ctggcagtat ggctacacag 4140
tccgaactcect tatcttcecta agctgaaaac agaaaaagca atgacccaga aaattttatt 4200
taaaagtctc aggagagact tcccatcctg agaagatctce ttttcececcttt tataatttag 4260
gctectgaat aatcactgaa ttttctecat gttccatcta tagtactgtt atttetgttt 4320
tcetttttte ttaccacaaa gtatcttgtt tttgctgtat gaaagaaaat gtgttattgt 4380
aatgtgaaat tctctgtcecc tgcagggtcce cacatccgec tcaatcccaa ataaacacac 4440
agaggctgta ttaattatga aactgttggt cagttggcta gggcttctta ttggctaget 4500
ctgtcttaat tattaaacca taactactat tgtaagtatt tccatgtggt cttatcttac 4560
caaggaaagg gtccagggac ctcttactce tctggegtgt tggcagtgaa gaggagagag 4620
cgatttceccta tttgtctetg cttattttcet gattctgete agctatgtca cttectgect 4680
ggccaatcag ccaatcagtg ttttattcat tagccaataa aagaaacatt tacacagaag 4740
gacttcceee atcatgttat ttgtatgagt tcttcagaaa atcatagtat cttttaatac 4800
taatttttat aaaaaattaa ttgtattgaa aattatgtgt atatgtgtct gtgtgtcgat 4860
ttgtgctcat aagtagcatg gagtgcagaa gagggaatca gatctttttt taagggacaa 4920
agagtttatt cagattacat tttaaggtga taatgtatga ttgcaaggtt atcaacatgg 4980
cagaaatgtg aagaagctgg tcacattaca tccagagtca agagtagaga gcaatgaatt 5040
gatgcatgca ttcctgtgct cagcectcactt ttcecctggage tgagctgatt gtaagccatce 5100
tgatgtcecttt gctgggaact aactcaaagg caagttcaaa acctgttctt aagtataagc 5160
catctctecca gtcectcata tggtctectta agacacttte tttatattcet tgtacataga 5220
aattgaattc ctaacaactg cattcaaatt acaaaatagt ttttaaaagc tgatataata 5280
aatgtaaata caatctagaa catttttata aataagcata ttaactcagt aaaaataaat 5340
gcatggttat tttccttcat tagggaagta tgtctcccca ggctgttcectce tagattctac 5400
tagtaatgct gtttgtacac catccacagg ggttttattt taaagctaag acatgaatga 5460
tggacatgct tgttagcatt tagacttttt tccttactat aattgagcta gtatttttgt 5520
gctcagtttyg atatctgtta attcagataa atgtaatagt aggtaatttc tttgtgataa 5580
aggcatataa attgaagttg gaaaacaaaa gcctgaaatg acagttttta agattcagaa 5640
caataatttt caaaagcagt tacccaactt tccaaataca atctgcagtt ttcttgatat 5700
gtgataaatt tagacaaaga aatagcacat tttaaaatag ctatttactc ttgatttttt 5760
tttcaaattt aggctagttc actagttgtg tgtaaggtta tggctgcaaa catctttgac 5820
tcttggttag ggaatccagg atgatttacg tgtttggcca aaatcttgtt ccattcetggg 5880
tttcttetet atctaggtag ctagcacaag ttaaaggtgt ggtagtattg gaaggctctce 5940
aggtatatat ttctatattc tgtatttttt tcctctgtca tatatttget ttectgtttta 6000
ttgatttcta ctgttagttt gatacttact ttcttacact ttctttggga tttattttgce 6060

tgttctaaga tttcttagca agttcatatc actgatttta acagttgctt cttttgtaat 6120
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atagactgaa tgccccttat ttgaaatgct tgggatcaga aactcagatt tgaacttttce 6180
ttttttaata tttccatcaa gtttaccagc tgaatgtcect gatccaagaa tatgaaatct 6240
gaaatgcttt gaaatctgaa acttttagag tgataaagct tccctttaaa ttaatttgtg 6300
ttctatattt tttgacaatg tcaacctttc attgttatcc aatgagtgaa catattttca 6360
atttttttgt ttgatctgtt atattttgat ctgaccatat ttataaaatt ttatttaatt 6420
tgaatgttgt gctgttactt atctttatta ttatttttge ttattttcta gccaaatgaa 6480
attatattct gtattatttt agtttgaatt ttactttgtg gcttagtaac tgccttttgt 6540
tggtgaatgc ttaagaaaaa cgtgtggtct actgatattg gttctaatct tatatagcat 6600
gttgtttgtt aggtagttga ttatgctggt cagattgtct tgagtttatg caaatgtaaa 6660
atatttagat gecttgttttg ttgtctaaga acaaagtatg cttgctgtct cctatcggtt 6720
ctggtttttc cattcatcte ttcaagetgt tttgtgtgtt gaatactaac tccgtactat 6780
cttgttttct gtgaattaac cccttttcaa aggtttettt tectttttttt tttaagggac 6840
aacaagttta ttcagattac attttaagct gataatgtat gattgcaagg ttatcaacat 6900
ggcagaaatyg tgaagaagct aggcacatta catccacatg gagtcaagag cagagagcag 6960
tgaattaatg catgcattcc tgtggtcagce tcacttttcce tattcttaga tagtctagga 7020
tcataaacct ggggaatagt gctaccacaa tgggcatatc cacttacttc agttcatgca 7080
atcaaccaag gcacatccac aggaaaaact gatttagaca acctctcatt gagactcttce 7140
ccagatgatt agactgtgtc aagttgacaa ttaaaactat cacacctgaa gccatcacta 7200
gtaaatataa tgaaaatgtt gattatcacc ataattcatc tgtatccctt tgttattgta 7260
gattttgtga agttcctatt caagtccctg ttceccttectt aaaaacctgt tttttagtta 7320
aataggtttt ttagtgttcc tgtctgtaaa tactttttta aagttagata ttattttcaa 7380
gtatgttcte ccagtctttg gcttgtattt tcatcccttc aatacatata tttttgtaat 7440
ttattttttt tatttaaatt agaaacaaag ctgcttttac atgtcagtct cagttccctce 7500
tcectecect cecteeccctge tecccaccta agecccaatt ccaactcectt tettcectecce 7560
aggaagggtg aggccctcecca tgggggaaat cttcaatgtc tgtcatatca tttggagcag 7620
ggcctagace cteccccagtg tgtctaggcet gagagagtat ccctctatgt ggagagggcet 7680
cccaaagttc atttgtgtac taggggtaaa tactgatcca ctatcagtgg ccccatagat 7740
tgtccggacce tccaaactga cttectectt cagggagtet ggaacagttce tatgetggtt 7800
tceccagatat cagtcectgggg tcecatgagca accecttgtt caggtcagtt gtttetgtag 7860
gtttccececag cececggtettg accectttge tcatcactte tecctcetetg caactggatt 7920
ccagagttca gctcagtgtt tagctgtggg tgtcectgcatce tgcttccatce agctactgga 7980
tgagggctct aggatggcat ataaggtagt catcagtctc attatcagag aagggctttt 8040
aaggtagcct cttgattatt gettagattg ttagttgggg tcaaccttgt aggtctectgg 8100
acagtgacag aattctcttt aaacctataa tggctccecctce tgtggtggta tcecccttttet 8160
tgctctcecate cgttectece ctgactagat cttectgcete cctcatgtee tectcectecce 8220
tceeccttete cecttetett tettctaact ccectectecce tecacccacg atccccatta 8280
gcttatgaga tcecttgtcecctt attttagcaa aacctttttg gctataaaat taattaattt 8340
aatatgctta tatcaggttt attttggcta gtatttgtat gtgtttggtt agtgttttta 8400

accttaattg acatgtatcc ttatatttag acacagattt aaatatttga agtttttttt 8460



US 9,409,982 B2

141

-continued

142

tttttttttt ttaaagattt atttattttt tatgtcttct gectgcatge cagaagaggg 8520

caccagatct cattcaaggt ggttgtgagc caccatgtgg ttgctgggaa ttgaactcag 8580

gacctctgga agaacagtca gtgctcttaa ccgctgagec atctctceccag ccectgaagt 8640

gtttctttta aagaggatag cagtgcatca tttttccctt tgaccaatga ctecctacctt 8700

actgaattgt tttagccatt tatatgtaat gctgttacca ggtttacatt ttcttttatc 8760

ttgctaaatt tctteccctgt ttgtctcate tcettattttt gtctgttgga ttatataggce 8820

ttttattttt ctgtttttac agtaagttat atcaaattaa aattatttta tggaatgggt 8880

gtgttgacta catgtatgtc tgtgcaccat gtgctgacct ggtcttggcec agaagaaggt 8940

gtcatattct ctgaaactgg tattgtggat gttacgaact gccatagggt gctaggaatc 9000

aaaccccagce tcectectggaa aagcagccac tgctctgage cactgagtcecce tetcttcaag 9060

caggtgatgc caacttttaa tggttaccag tggataagag tgcttgtatc tctagcaccce 9120

atgaaaattt atgcattgct atatgggctt gtcacttcag cattgtgtga cagagacagg 9180

aggatcccaa gagctce 9196

<210> SEQ ID NO 4

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequense: Synthetic
DNA

<400> SEQUENCE: 4

actcatcttg gaatctcaga attgg 25

<210> SEQ ID NO 5

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequense: Synthetic
DNA

<400> SEQUENCE: 5

cttgaccgtt tctatcttet cteg 24

<210> SEQ ID NO 6

<211> LENGTH: 979

<212> TYPE: DNA

<213> ORGANISM: Cricetulus griseus

<400> SEQUENCE: 6

actcatcttyg gaatctcaga attggegeta tgctactgga ggatgggaga ctgtgtttag 60

acctgtaagt gagacatgca cagacaggtce tggectctee actggacact ggtcaggtga 120

agtgaaggac aaaaatgttc aagtggtcga gctccccatt gtagacagece tccatccteg 180

tcctecttac ttaccecttgg ctgtaccaga agaccttgea gatcgactece tgagagtcca 240

tggtgatcct gcagtgtggt gggtatccca gtttgtcaaa tacttgatcce gtccacaacce 300

ttggctggaa agggaaatag aagaaaccac caagaagctt ggcttcaaac atccagttat 360

tggagtccat gtcagacgca ctgacaaagt gggaacagaa gcagcecttcece atcccattga 420

ggaatacatyg gtacacgttg aagaacattt tcagcttctce gaacgcagaa tgaaagtgga 480

taaaaaaaga gtgtatctgg ccactgatga cccttetttyg ttaaaggagyg caaagacaaa 540

gtactccaat tatgaattta ttagtgataa ctctatttet tggtcagetg gactacacaa 600
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144

-continued

ccgatacaca gaaaattcac ttcggggegt gatcctggat atacacttte tcteccagge 660
tgacttecctt gtgtgtactt tttcatccca ggtctgtagg gttgcttatg aaatcatgca 720
aacactgcat cctgatgcct ctgcaaactt ccattcttta gatgacatct actattttgg 780
aggccaaaat gcccacaacc agattgcagt ttatcctcac caacctcgaa ctaaagagga 840
aatccccatg gaacctggag atatcattgg tgtggctgga aaccattgga atggttacte 900
taaaggtgtc aacagaaaac taggaaaaac aggcctgtac ccttectaca aagtccgaga 960
gaagatagaa acggtcaag 979
<210> SEQ ID NO 7
<211> LENGTH: 979
<212> TYPE: DNA
<213> ORGANISM: Rattus norvegicus
<400> SEQUENCE: 7
actcatcttyg gaatctcaga attggegeta tgctactggt ggatgggaga ctgtgtttag 60
acctgtaagt gagacatgca cagacagatc tggectctee actggacact ggtcaggtga 120
agtgaatgac aaaaatattc aagtggtgga gctccccatt gtagacagece ttcatccteg 180
gectecttac ttaccactgg ctgttccaga agaccttgca gatcgactceg taagagtcca 240
tggtgatcct gcagtgtggt gggtgtecca gttegtcaaa tatttgattce gtccacaacce 300
ttggctagaa aaggaaatag aagaagccac caagaagctt ggcttcaaac atccagtcat 360
tggagtccat gtcagacgca cagacaaagt gggaacagag gcagcecttcece atcccatcga 420
agagtacatg gtacatgttg aagaacattt tcagcttcte gcacgcagaa tgcaagtgga 480
taaaaaaaga gtatatctgg ctaccgatga ccctgctttyg ttaaaggagyg caaagacaaa 540
gtactccaat tatgaattta ttagtgataa ctctatttct tggtcagetg gactacacaa 600
tcggtacaca gaaaattcac ttcggggegt gatcctggat atacacttte tctctcagge 660
tgacttceccta gtgtgtactt tttcatccca ggtectgtegg gttgcttatg aaatcatgca 720
aaccctgcat cctgatgect ctgcaaactt ccactcttta gatgacatct actattttgg 780
aggccaaaat gcccacaacc agattgecgt ttatcctcac aaacctcgaa ctgatgagga 840
aattccaatg gaacctggag atatcattgg tgtggctgga aaccattggyg atggttatte 900
taaaggtgtc aacagaaaac ttggaaaaac aggcttatat ccctectaca aagtccgaga 960
gaagatagaa acggtcaag 979
<210> SEQ ID NO 8
<211> LENGTH: 40
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequense: Synthetic

DNA
<400> SEQUENCE: 8
aagtataagc ttacatggat gacgatatcg ctgcgctegt 40
<210> SEQ ID NO 9
<211> LENGTH: 40
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequense: Synthetic

DNA
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-continued

146

<400> SEQUENCE: 9

atttaactgc aggaagcatt tgcggtggac gatggagggg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 10

LENGTH: 40

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA
<400> SEQUENCE: 10

atttaaggta ccgaagcatt tgcggtgecac gatggagggg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 11

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA

<400> SEQUENCE: 11

ctccaattat gaatttatta gtg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 12

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA
<400> SEQUENCE: 12

ggatgtttga agccaagctt cttgg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 13

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA
<400> SEQUENCE: 13

gtccatggtyg atcctgcagt gtgg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 14

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA

<400> SEQUENCE: 14

caccaatgat atctccaggt tecc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 15

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA

<400> SEQUENCE: 15

OTHER INFORMATION: Description of Artificial Sequense:

OTHER INFORMATION: Description of Artificial Sequense:

OTHER INFORMATION: Description of Artificial Sequense:

OTHER INFORMATION: Description of Artificial Sequense:

OTHER INFORMATION: Description of Artificial Sequense:

OTHER INFORMATION: Description of Artificial Sequense:

40

Synthetic

40

Synthetic

23

Synthetic

25

Synthetic

24

Synthetic

23

Synthetic
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-continued

148

gatatcgetyg cgetegttgt cgac

<210> SEQ ID NO 16

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequense:

DNA
<400> SEQUENCE: 16

caggaaggaa ggctggaaaa gagc

<210> SEQ ID NO 17

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequense:

DNA
<400> SEQUENCE: 17

gatatcgetyg cgetegtegt cgac

<210> SEQ ID NO 18

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequense:

DNA
<400> SEQUENCE: 18

caggaaggaa ggctggaaga gagc

<210> SEQ ID NO 19

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequense:

DNA
<400> SEQUENCE: 19

atgcgggcat ggactggtte ctgg

<210> SEQ ID NO 20

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequense:

DNA
<400> SEQUENCE: 20

ctatttttca gcttcaggat atgtggg

<210> SEQ ID NO 21

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequense:

DNA

<400> SEQUENCE: 21

24

Synthetic

24

Synthetic

24

Synthetic

24

Synthetic

24

Synthetic

27

Synthetic
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gtctgaagca ttatgtgttg aage

<210>
<211>
<212>
<213>
<220>
<223>

DNA

<400> SEQUENCE:

23

SEQ ID NO 22
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of Artificial Sequense:

22

gtgagtacat tcattgtact gtg

<210> SEQ ID NO 23

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Cricetulus griseus

PRT

<400> SEQUENCE:

Met Arg Ala Trp

1

Ala

Asn

Lys

Glu

65

Gly

Ile

Glu

Phe

Leu

145

Arg

Gly

Arg

Lys

His

225

Leu

Thr

Ser

Trp

Asp

Leu

50

Ser

Arg

Glu

Ile

Leu

130

Gln

Ser

Glu

Arg

Leu

210

His

Ile

Val

Thr

Glu
290

Gly

His

35

Glu

Leu

Val

Asn

Leu

115

Gln

Arg

Ile

Trp

Ile

195

Val

Val

Leu

Phe

Gly
275

Leu

Thr

20

Pro

Arg

Arg

Arg

Tyr

100

Arg

Ser

His

Met

Arg

180

Thr

Cys

Val

Glu

Arg
260

His

Pro

575

23

Thr

Leu

Asp

Leu

Ile

Val

85

Lys

Arg

Glu

Ala

Thr

165

Glu

Tyr

Asn

Tyr

Ser

245

Pro

Trp

Ile

Gly

Leu

His

Lys

Pro

70

Leu

Lys

Arg

Leu

Asp

150

Asp

Lys

Leu

Ile

Cys

230

Gln

Val

Ser

Val

Ser

Phe

Ser

Gln

55

Glu

Glu

Gln

Ile

Lys

135

Glu

Leu

Glu

Gln

Asn

215

Phe

Asn

Ser

Gly

Asp
295

Trp

Tyr

Ser

40

Gln

Gly

Glu

Ala

Glu

120

Lys

Ile

Tyr

Ala

Asn

200

Lys

Met

Trp

Glu

Glu
280

Ser

Arg

Ile

25

Arg

Asn

Pro

Gln

Arg

105

Asn

Leu

Leu

Tyr

Lys

185

Pro

Gly

Ile

Arg

Thr
265

Val

Leu

Trp

10

Gly

Glu

Glu

Ile

Leu

90

Asn

Gly

Lys

Leu

Leu

170

Asp

Lys

Cys

Ala

Tyr
250
Cys

Lys

His

Ile

Gly

Leu

Asp

Asp

75

Val

Asp

Ala

Lys

Asp

155

Ser

Leu

Asp

Gly

Tyr

235

Ala

Thr

Asp

Pro

Met

His

Ser

Leu

60

Gln

Lys

Leu

Lys

Leu

140

Leu

Gln

Thr

Cys

Tyr

220

Gly

Thr

Asp

Lys

Arg
300

Leu

Leu

Lys

45

Arg

Gly

Ala

Gly

Glu

125

Glu

Gly

Thr

Glu

Ser

205

Gly

Thr

Gly

Arg

Asn
285

Pro

Ile

Val

30

Ile

Arg

Thr

Lys

Lys

110

Leu

Gly

His

Asp

Leu

190

Lys

Cys

Gln

Gly

Ser
270

Val

Pro

Leu

15

Arg

Leu

Met

Ala

Glu

95

Asp

Trp

Asn

His

Gly

175

Val

Ala

Gln

Arg

Trp

255

Gly

Gln

Tyr

Synthetic

Phe

Asp

Ala

Ala

Thr

80

Gln

His

Phe

Glu

Glu

160

Ala

Gln

Arg

Leu

Thr

240

Glu

Leu

Val

Leu

24

23
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Pro Leu Ala Val Pro
305

Gly Asp Pro Ala Val
325

Arg Pro Gln Pro Trp
340

Leu Gly Phe Lys His
355

Lys Val Gly Thr Glu
370

His Val Glu Glu His
385

Lys Lys Arg Val Tyr
405

Ala Lys Thr Lys Tyr
420

Ser Trp Ser Ala Gly
435

Gly Val Ile Leu Asp
450

Cys Thr Phe Ser Ser
465

Thr Leu His Pro Asp
485

Tyr Tyr Phe Gly Gly
500

His Gln Pro Arg Thr
515

Ile Gly Val Ala Gly
530

Arg Lys Leu Gly Lys
545

Lys Ile Glu Thr Val
565

<210> SEQ ID NO 24
<211> LENGTH: 575
<212> TYPE: PRT
<213> ORGANISM: Mus
<400> SEQUENCE: 24
Met Arg Ala Trp Thr
Ala Trp Gly Thr Leu
20

Asn Asp His Pro Asp
35

Lys Leu Glu Arg Leu
50

Glu Ser Leu Arg Ile
65

Gly Arg Val Arg Val
85

Ile Glu Asn Tyr Lys

Glu Asp Leu
310

Trp Trp Val

Leu Glu Arg

Pro Val Ile
360

Ala Ala Phe
375

Phe Gln Leu
390

Leu Ala Thr

Ser Asn Tyr

Leu His Asn

440

Ile His Phe
455

Gln Val Cys
470

Ala Ser Ala

Gln Asn Ala

Lys Glu Glu
520

Asn His Trp
535

Thr Gly Leu
550

Lys Tyr Pro

musculus

Gly Ser Trp

Leu Phe Tyr

His Ser Ser
40

Lys Gln Gln
55

Pro Glu Gly
70

Leu Glu Glu

Lys Gln Ala

Ala

Ser

Glu

345

Gly

His

Leu

Asp

Glu

425

Arg

Leu

Arg

Asn

His

505

Ile

Asn

Tyr

Thr

Arg

Ile

25

Arg

Asn

Pro

Gln

Arg

Asp

Gln

330

Ile

Val

Pro

Glu

Asp

410

Phe

Tyr

Ser

Val

Phe

490

Asn

Pro

Gly

Pro

Tyr
570

Trp

10

Gly

Glu

Glu

Ile

Leu

90

Asn

Arg

315

Phe

Glu

His

Ile

Arg

395

Pro

Ile

Thr

Gln

Ala

475

His

Gln

Met

Tyr

Ser

555

Pro

Ile

Gly

Leu

Asp

Asp

75

Val

Gly

Val

Glu

Val

Glu

380

Arg

Ser

Ser

Glu

Ala

460

Tyr

Ser

Ile

Glu

Ser

540

Tyr

Glu

Met

His

Ser

Leu

60

Gln

Lys

Leu

Leu

Lys

Thr

Arg

365

Glu

Met

Leu

Asp

Asn

445

Asp

Glu

Leu

Ala

Pro

525

Lys

Lys

Ala

Leu

Leu

Lys

45

Arg

Gly

Ala

Gly

Arg

Tyr

Thr

350

Arg

Tyr

Lys

Leu

Asn

430

Ser

Phe

Ile

Asp

Val

510

Gly

Gly

Val

Glu

Ile

Val

30

Ile

Arg

Thr

Lys

Lys

Val

Leu

335

Lys

Thr

Met

Val

Lys

415

Ser

Leu

Leu

Met

Asp

495

Tyr

Asp

Val

Arg

Lys
575

Leu

15

Arg

Leu

Met

Ala

Glu

95

Asp

His

320

Ile

Lys

Asp

Val

Asp

400

Glu

Ile

Arg

Val

Gln

480

Ile

Pro

Ile

Asn

Glu
560

Phe

Asp

Ala

Ala

Thr

80

Gln

His



153

US 9,409,982 B2

-continued

154

Glu

Phe

Leu

145

Arg

Gly

Arg

Lys

His

225

Leu

Thr

Ser

Pro

305

Gly

Arg

Leu

Lys

His

385

Lys

Ala

Ser

Gly

Cys

465

Thr

Tyr

Ile

Leu

130

Gln

Ser

Asp

Arg

Leu

210

His

Ile

Val

Thr

Glu

290

Leu

Asp

Pro

Gly

Val

370

Val

Lys

Lys

Trp

Val

450

Thr

Leu

Tyr

Lys

Leu

115

Gln

Arg

Ile

Trp

Ile

195

Val

Val

Leu

Phe

Gly

275

Leu

Ala

Pro

Gln

Phe

355

Gly

Glu

Arg

Thr

Ser

435

Ile

Phe

His

Phe

Pro
515

100

Arg

Ser

His

Met

Arg

180

Thr

Cys

Val

Glu

Arg

260

His

Pro

Val

Ala

Pro

340

Lys

Thr

Glu

Val

Lys

420

Ala

Leu

Ser

Pro

Gly
500

Arg

Arg

Glu

Ala

Thr

165

Glu

Tyr

Asn

Tyr

Ser

245

Pro

Trp

Ile

Pro

Val

325

Trp

His

Glu

His

Tyr

405

Tyr

Gly

Asp

Ser

Asp
485

Gly

Thr

Arg

Leu

Asp

150

Asp

Lys

Leu

Ile

Cys

230

Gln

Val

Ser

Val

Glu

310

Trp

Leu

Pro

Ala

Phe

390

Leu

Ser

Leu

Ile

Gln

470

Ala

Gln

Glu

Ile

Lys

135

Glu

Leu

Glu

Gln

Asn

215

Phe

Asn

Ser

Gly

Asp

295

Asp

Trp

Glu

Val

Ala

375

Gln

Ala

Asn

His

His

455

Val

Ser

Asn

Glu

Glu

120

Lys

Ile

Tyr

Ala

Asn

200

Lys

Met

Trp

Glu

Glu

280

Ser

Leu

Val

Lys

Ile

360

Phe

Leu

Thr

Tyr

Asn

440

Phe

Cys

Ala

Ala

Glu
520

105

Asn

Leu

Leu

Tyr

Lys

185

Pro

Gly

Ile

Arg

Thr

265

Val

Leu

Ala

Ser

Glu

345

Gly

His

Leu

Asp

Glu

425

Arg

Leu

Arg

Asn

His
505

Ile

Gly

Lys

Leu

Leu

170

Asp

Lys

Cys

Ala

Tyr

250

Cys

Asn

His

Asp

Gln

330

Ile

Val

Pro

Ala

Asp

410

Phe

Tyr

Ser

Val

Phe
490

Asn

Pro

Ala

His

Asp

155

Ser

Leu

Asp

Gly

Tyr

235

Ala

Thr

Asp

Pro

Arg

315

Phe

Glu

His

Ile

Arg

395

Pro

Ile

Thr

Gln

Ala
475
His

Gln

Met

Lys

Leu

140

Leu

Gln

Thr

Cys

Tyr

220

Gly

Thr

Asp

Lys

Arg

300

Leu

Val

Glu

Val

Glu

380

Arg

Thr

Ser

Glu

Ala

460

Tyr

Ser

Ile

Glu

Glu

125

Glu

Gly

Thr

Glu

Ser

205

Gly

Thr

Gly

Arg

Asn

285

Pro

Leu

Lys

Ala

Arg

365

Glu

Met

Leu

Asp

Asn

445

Asp

Glu

Leu

Ala

Pro
525

110

Leu

Gly

His

Asp

Leu

190

Lys

Cys

Gln

Gly

Ser

270

Ile

Pro

Arg

Tyr

Thr

350

Arg

Tyr

Gln

Leu

Asn

430

Ser

Phe

Ile

Asp

Val
510

Gly

Trp

Asn

His

Gly

175

Val

Ala

Gln

Arg

Trp

255

Gly

Gln

Tyr

Val

Leu

335

Lys

Thr

Met

Val

Lys

415

Ser

Leu

Leu

Met

Asp
495

Tyr

Asp

Phe

Glu

Glu

160

Ala

Gln

Arg

Leu

Thr

240

Glu

Leu

Val

Leu

His

320

Ile

Lys

Asp

Val

Asp

400

Glu

Ile

Arg

Val

Gln

480

Ile

Pro

Ile
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-continued

156

Ile Gly Val Ala Gly Asn His Trp Asp Gly Tyr Ser Lys Gly Ile Asn
530 535 540

Arg Lys Leu Gly Lys Thr Gly Leu Tyr Pro Ser Tyr Lys Val Arg Glu

545

550 555

Lys Ile Glu Thr Val Lys Tyr Pro Thr Tyr Pro Glu Ala Glu Lys

<210>
<211>
<212>
<213>

<400>

565 570 575

SEQ ID NO 25

LENGTH: 18

TYPE: PRT

ORGANISM: Homo sapiens

SEQUENCE: 25

560

Asp Glu Ser Ile Tyr Ser Asn Tyr Tyr Leu Tyr Glu Ser Ile Pro Lys

1

5 10 15

Pro Cys

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 26

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequense:

DNA

SEQUENCE: 26

cttgtgtgac tcttaactct cagag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 27

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequense:

DNA

SEQUENCE: 27

ccctegagat aacttegtat age

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 28

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequense:

DNA

SEQUENCE: 28

ggtaggccte actaactg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 29

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequense:

DNA

SEQUENCE: 29

catagaaaca agtaacaaca gccag

<210>
<211>
<212>

SEQ ID NO 30
LENGTH: 28
TYPE: DNA

Synthetic

25

Synthetic

23

Synthetic

18

Synthetic

25
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-continued

158

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequense:
DNA

<400> SEQUENCE: 30

gagacttcag cccacttcaa ttattgge

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 31

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA
<400> SEQUENCE: 31

gaggccactt gtgtagegec aagtg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 32

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA
<400> SEQUENCE: 32

aggaaggtgg cgctcatcac ggge

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 33

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA

<400> SEQUENCE: 33

taaggccaca agtcttaatt geatcc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 34

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA

<400> SEQUENCE: 34

caggggtgtt cccttgagga ggtggaa

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 35

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA
<400> SEQUENCE: 35
ccectecacge atgaagectyg gag
<210> SEQ ID NO 36
<211> LENGTH: 28

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

OTHER INFORMATION: Description of Artificial Sequense:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

28

Synthetic

25

Synthetic

24

Synthetic

26

Synthetic

27

Synthetic

23
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159

-continued

160

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

DNA
<400> SEQUENCE: 36

ggcaggagac caccttgcga gtgeccac

<210> SEQ ID NO 37

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

DNA

<400> SEQUENCE: 37

ggcgetgget tacceggaga ggaatggg

<210> SEQ ID NO 38

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

DNA
<400> SEQUENCE: 38

aaaaggccte agttagtgaa ctgtatgg

<210> SEQ ID NO 39

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

DNA
<400> SEQUENCE: 39

cgeggatect caagegttgg ggttggtec

<210> SEQ ID NO 40

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

DNA
<400> SEQUENCE: 40

cccaagettyg ccaccatgge tcacgetece getagetgee cgage

<210> SEQ ID NO 41

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

DNA
<400> SEQUENCE: 41

ccggaattet gecaagtatg agecatectg g

<210> SEQ ID NO 42

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

28

28

28

29

45

31
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161

-continued

162

<223> OTHER INFORMATION: Description of Artificial Sequence:

DNA
<400> SEQUENCE: 42

geccatccaga aggtggt

<210> SEQ ID NO 43

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

DNA
<400> SEQUENCE: 43

gtcttgtcag ggaagat

<210> SEQ ID NO 44

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

DNA
<400> SEQUENCE: 44

ggcaggagac caccttgcga gtgeccac

<210> SEQ ID NO 45

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

DNA
<400> SEQUENCE: 45

gggtgggetyg taccttetgg aacaggge

<210> SEQ ID NO 46

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

DNA

<400> SEQUENCE: 46

ggcgetgget tacceggaga ggaatggg

<210> SEQ ID NO 47

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

DNA
<400> SEQUENCE: 47
ggaatgggtyg tttgtctcct ccaaagatge
<210> SEQ ID NO 48
<211> LENGTH: 1316
<212> TYPE: DNA

<213> ORGANISM: Cricetulus griseus

<400> SEQUENCE: 48

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

Synthetic

17

17

28

28

28

30
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-continued
gcccegecce ctccacctgg accgagagta gectggagaat tgtgcaccgg aagtagetcet 60
tggactggtg gaaccctgeg caggtgcage aacaatgggt gagccccagg gatccaggag 120
gatcctagtg acagggggct ctggactggt gggcagagct atccagaagg tggtcgcaga 180
tggcgetgge ttacccggag aggaatgggt gtttgtctece tccaaagatg cagatctgac 240
ggatgcagca caaacccaag ccctgttcca gaaggtacag cccacccatg tcatccatct 300
tgctgcaatg gtaggaggcc ttttccggaa tatcaaatac aacttggatt tctggaggaa 360
gaatgtgcac atcaatgaca acgtcctgca ctcagctttce gaggtgggca ctcgcaaggt 420
ggtctcectge ctgtccacct gtatcttccec tgacaagacc acctatccta ttgatgaaac 480
aatgatccac aatggtccac cccacagcag caattttggg tactcgtatg ccaagaggat 540
gattgacgtg cagaacaggg cctacttcca gcagcatggce tgcaccttca ctgctgtcat 600
ccctaccaat gtctttggac ctcatgacaa cttcaacatt gaagatggcc atgtgctgec 660
tggcctcatce cataaggtgce atctggccaa gagtaatggt tcagecttga ctgtttgggg 720
tacagggaaa ccacggaggc agttcatcta ctcactggac ctagcccggce tcttcatctg 780
ggtcctgegg gagtacaatg aagttgagcc catcatccte tcagtgggeg aggaagatga 840
agtctccatt aaggaggcag ctgaggctgt agtggaggcc atggacttct gtggggaagt 900
cacttttgat tcaacaaagt cagatgggca gtataagaag acagccagca atggcaagct 960

tcgggectac ttgcectgatt tecgtttcac acccttcaag caggctgtga aggagacctg 1020
tgcctggtte accgacaact atgagcagge ccggaagtga agcatgggac aagcegggtge 1080
tcagctggca atgcccagtce agtaggctgce agtctcatca tttgcttgtce aagaactgag 1140
gacagtatcc agcaacctga gccacatget ggtctcectcetg ccagggggcet tcatgcagece 1200
atccagtagg gcccatgttt gtccatccte gggggaaggce cagaccaaca ccttgtttgt 1260

ctgcttetge cccaacctca gtgcatccat gctggtectg ctgtececttg tcectaga 1316

<210> SEQ ID NO 49

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
DNA

<400> SEQUENCE: 49

gatcctgetyg ggaccaaaat tgg 23

<210> SEQ ID NO 50

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
DNA

<400> SEQUENCE: 50

cttaacatcc caagggatgc tg 22
<210> SEQ ID NO 51

<211> LENGTH: 1965

<212> TYPE: DNA

<213> ORGANISM: Cricetulus griseus

<400> SEQUENCE: 51
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-continued
acggggggcet cccggaagceg gggaccatgg cgtcetcetgeg cgaagcgage ctgcggaagce 60
tgeggegett ttcecgagatg agaggcaaac ctgtggcaac tgggaaattce tgggatgtag 120
ttgtaataac agcagctgac gaaaagcagg agcettgctta caagcaacag ttgtcggaga 180
agctgaagag aaaggaattg ccccttggag ttaactacca tgttttcact gatcctectg 240
gaaccaaaat tggaaatgga ggatcaacac tttgttctct tcagtgectg gaaagcctet 300
atggagacaa gtggaattcc ttcacagtcc tgttaattca ctetggtgge tacagtcaac 360
gacttcccaa tgcaagcgcet ttaggaaaaa tcttcacgge tttaccactt ggtgagccca 420
tttatcagat gttggactta aaactagcca tgtacatgga tttcccctca cgcatgaage 480
ctggagtttt ggtcacctgt gcagatgata ttgaactata cagcattggyg gactctgagt 540
ccattgcatt tgagcagcct ggctttactg cectagecca tcecatctagt ctggetgtag 600
gcaccacaca tggagtattt gtattggact ctgccggtte tttgcaacat ggtgacctag 660
agtacaggca atgccaccgt ttcctccata ageccagcat tgaaaacatyg caccacttta 720
atgcegtgca tagactagga agctttggte aacaggactt gagtgggggt gacaccacct 780
gtcatccatt gcactctgag tatgtctaca cagatagect attttacatg gatcataaat 840
cagccaaaaa gctacttgat ttctatgaaa gtgtaggccce actgaactgt gaaatagatg 900
cctatggtga ctttetgcag gecactgggac ctggagcaac tgcagagtac accaagaaca 960
cctcacacgt cactaaagag gaatcacact tgttggacat gaggcagaaa atattccacc 1020

tcetcaaggg aacacccectg aatgttgttg tcecttaataa ctccaggttt tatcacattg 1080
gaacaacgga ggagtatctg ctacatttca cttccaatgg ttcgttacag gcagagctgg 1140
gcttgcaate catagcttte agtgtcttte caaatgtgec tgaagactcc catgagaaac 1200
cctgtgtcat tcacagcatc ctgaattcag gatgctgtgt ggcccctgge tcagtggtag 1260
aatattccag attaggacct gaggtgtcca tctcggaaaa ctgcattatc agecggttcetg 1320
tcatagaaaa agctgttctg cccccatgtt ctttegtgtg ctcectttaagt gtggagataa 1380
atggacactt agaatattca actatggtgt ttggcatgga agacaacttg aagaacagtg 1440
ttaaaaccat atcagatata aagatgcttc agttctttgg agtctgtttce ctgacttgtt 1500
tagatatttg gaaccttaaa gctatggaag aactattttc aggaagtaag acgcagctga 1560
gcctgtggac tgctcgaatt tteectgtet gttcettcectet gagtgagtcg gttgcagceat 1620
ccettgggat gttaaatgec attcgaaacce attcecgccatt cagcctgage aacttcaagce 1680
tgctgtcecat ccaggaaatg cttctcectgca aagatgtagg agacatgctt gettacaggg 1740
agcaactctt tctagaaatc agttcaaaga gaaaacagtc tgattcggag aaatcttaaa 1800
tacaatggat tttgcctgga aacaggattg caaatgcagg catattctat agatctctgg 1860
gttcttecttt ctttcteccce tectetecttt cectttecctt tgatgtaatg acaaaggtaa 1920

aaatggccac ttctgatgga aaaaaaaaaa aaaaaaaaaa aaaaa 1965

<210> SEQ ID NO 52

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
DNA

<400> SEQUENCE: 52

caggggtgtt cccttgagga ggtggaa 27
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-continued

168

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 53

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA
<400> SEQUENCE: 53

cactgagcca ggggccacac agcatcc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 54

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA

<400> SEQUENCE: 54

ccectecacge atgaagectyg gag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 55

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA
<400> SEQUENCE: 55

tgccaccgtt tcctecataa geccage

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 56

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA
<400> SEQUENCE: 56

atggctcaag ctccegetaa gtgeccga

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 57

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA
<400> SEQUENCE: 57

tcaagegttt gggttggtee tcatgag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 58

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA
<400> SEQUENCE: 58

tceggggaty gcegagatggg caage

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

27

Synthetic

23

Synthetic

27

Synthetic

28

Synthetic

27

Synthetic

25
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-continued

170

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 59

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA
<400> SEQUENCE: 59

cttgacatgg ctetgggete caag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 60

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA
<400> SEQUENCE: 60

ccacttcagt cggtceggtag tattt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 61

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA

<400> SEQUENCE: 61

cgctcacceg cctgaggega catg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 62

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA

<400> SEQUENCE: 62

ggcaggtgct gteggtgagg tcaccatagt ge

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 63

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA
<400> SEQUENCE: 63

ggggccatge caaggactat gtcg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 64

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

DNA
<400> SEQUENCE: 64

atgtggctga tgttacaaaa tgatg

<210> SEQ ID NO 65

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

24

Synthetic

25

Synthetic

24

Synthetic

32

Synthetic

24

Synthetic

25



US 9,409,982 B2
171 172

-continued

<211> LENGTH: 1504

<212> TYPE: DNA

<213> ORGANISM: Cricetulus griseus
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1).. (1119

<400> SEQUENCE: 65

atg gct cac gct cce get age tge ceg age tee agg aac tet ggg gac 48
Met Ala His Ala Pro Ala Ser Cys Pro Ser Ser Arg Asn Ser Gly Asp
1 5 10 15

gge gat aag ggc aag ccc agg aag gtg geg cte ate acg ggc atc acce 96
Gly Asp Lys Gly Lys Pro Arg Lys Val Ala Leu Ile Thr Gly Ile Thr
20 25 30

gge cag gat ggce tca tac ttg gca gaa tte ctg ctg gag aaa gga tac 144
Gly Gln Asp Gly Ser Tyr Leu Ala Glu Phe Leu Leu Glu Lys Gly Tyr
35 40 45

gag gtt cat gga att gta cgg cga tcc agt tca ttt aat aca ggt cga 192
Glu Val His Gly Ile Val Arg Arg Ser Ser Ser Phe Asn Thr Gly Arg
50 55 60

att gaa cat tta tat aag aat cca cag gct cat att gaa gga aac atg 240
Ile Glu His Leu Tyr Lys Asn Pro Gln Ala His Ile Glu Gly Asn Met
65 70 75 80

aag ttg cac tat ggt gac ctc acc gac agc acc tgce cta gta aaa atc 288
Lys Leu His Tyr Gly Asp Leu Thr Asp Ser Thr Cys Leu Val Lys Ile
85 90 95

atc aat gaa gtc aaa cct aca gag atc tac aat ctt ggt gee cag age 336
Ile Asn Glu Val Lys Pro Thr Glu Ile Tyr Asn Leu Gly Ala Gln Ser
100 105 110

cat gtc aag att tce ttt gac tta gca gag tac act gca gat gtt gat 384
His Val Lys Ile Ser Phe Asp Leu Ala Glu Tyr Thr Ala Asp Val Asp
115 120 125

gga gtt ggc acc ttg cgg ctt ctg gat gca att aag act tgt ggc ctt 432
Gly Val Gly Thr Leu Arg Leu Leu Asp Ala Ile Lys Thr Cys Gly Leu
130 135 140

ata aat tct gtg aag ttc tac cag gcc tca act agt gaa ctg tat gga 480
Ile Asn Ser Val Lys Phe Tyr Gln Ala Ser Thr Ser Glu Leu Tyr Gly
145 150 155 160

aaa gtg caa gaa ata ccc cag aaa gag acc acc cct ttce tat cca agg 528
Lys Val Gln Glu Ile Pro Gln Lys Glu Thr Thr Pro Phe Tyr Pro Arg
165 170 175

tcg cce tat gga gca gcc aaa ctt tat gecc tat tgg att gta gtg aac 576
Ser Pro Tyr Gly Ala Ala Lys Leu Tyr Ala Tyr Trp Ile Val Val Asn
180 185 190

ttt cga gag gct tat aat ctc ttt gcg gtg aac ggc att ctc ttc aat 624
Phe Arg Glu Ala Tyr Asn Leu Phe Ala Val Asn Gly Ile Leu Phe Asn
195 200 205

cat gag agt cct aga aga gga gct aat ttt gtt act cga aaa att agc 672
His Glu Ser Pro Arg Arg Gly Ala Asn Phe Val Thr Arg Lys Ile Ser
210 215 220

cgg tca gta gct aag att tac ctt gga caa ctg gaa tgt ttc agt ttg 720
Arg Ser Val Ala Lys Ile Tyr Leu Gly Gln Leu Glu Cys Phe Ser Leu
225 230 235 240

gga aat ctg gac gcc aaa cga gac tgg ggc cat gec aag gac tat gte 768
Gly Asn Leu Asp Ala Lys Arg Asp Trp Gly His Ala Lys Asp Tyr Val
245 250 255

gag gct atg tgg ctg atg tta caa aat gat gaa cca gag gac ttt gtc 816
Glu Ala Met Trp Leu Met Leu Gln Asn Asp Glu Pro Glu Asp Phe Val
260 265 270

ata gct act ggg gaa gtt cat agt gtc cgt gaa ttt gtt gag aaa tca 864
Ile Ala Thr Gly Glu Val His Ser Val Arg Glu Phe Val Glu Lys Ser
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-continued

275 280 285

ttc atg cac att gga aag acc att gtg tgg gaa gga aag aat gaa aat 912
Phe Met His Ile Gly Lys Thr Ile Val Trp Glu Gly Lys Asn Glu Asn
290 295 300

gaa gtg ggc aga tgt aaa gag acc ggc aaa att cat gtg act gtg gat 960
Glu Val Gly Arg Cys Lys Glu Thr Gly Lys Ile His Val Thr Val Asp
305 310 315 320

ctg aaa tac tac cga cca act gaa gtg gac ttc ctg cag gga gac tgc 1008
Leu Lys Tyr Tyr Arg Pro Thr Glu Val Asp Phe Leu Gln Gly Asp Cys
325 330 335

tce aag gcg cag cag aaa ctg aac tgg aag ccc cgc gtt gcc ttt gac 1056
Ser Lys Ala Gln Gln Lys Leu Asn Trp Lys Pro Arg Val Ala Phe Asp
340 345 350

gag ctg gtg agg gag atg gtg caa gcc gat gtg gag ctc atg aga acc 1104
Glu Leu Val Arg Glu Met Val Gln Ala Asp Val Glu Leu Met Arg Thr
355 360 365

aac ccc aac gcc tga gcacctctac aaaaaaattc gcgagacatg gactatggtg 1159
Asn Pro Asn Ala
370

cagagccage caaccagagt ccagccactce ctgagaccat cgaccataaa ccctcgactg 1219
cctgtgtegt cecccacaget aagagctggg ccacaggttt gtgggcacca ggacggggac 1279
actccagagce taaggccact tcecgettttgt caaaggctcce tctcaatgat tttgggaaat 1339
caagaagttt aaaatcacat actcatttta cttgaaatta tgtcactaga caacttaaat 1399
ttttgagtct tgagattgtt tttctetttt cttattaaat gatctttcta tgacccagca 1459

aaaaaaaaaa aaaaaaggga tataaaaaaa aaaaaaaaaa aaaaa 1504

<210> SEQ ID NO 66

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
DNA

<400> SEQUENCE: 66

atgaagttgc actatggtga cctca 25

<210> SEQ ID NO 67

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Cricetulus griseus

<400> SEQUENCE: 67

ccgacagcac ctgectagta aaaatcatca atgaagtcaa acctacagag atctacaat 59

<210> SEQ ID NO 68

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
DNA

<400> SEQUENCE: 68

gacttagcag agtacactgc agatg 25
<210> SEQ ID NO 69

<211> LENGTH: 25

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
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175

-continued

176

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

DNA
<400> SEQUENCE: 69
accttggata gaaaggggtyg gtctce
<210> SEQ ID NO 70
<211> LENGTH: 125
<212> TYPE: DNA

<213> ORGANISM: Cricetulus griseus

<400> SEQUENCE: 70

ttgatggagt tggcaccttg cggcttetgg atgcaattaa gacttgtgge cttataaatt

ctgtgaagtt ctaccaggece tcaactagtg aactgtatgg aaaagtgcaa gaaatacccce

agaaa

<210> SEQ ID NO 71

<211> LENGTH: 372

<212> TYPE: PRT

<213> ORGANISM: Cricetulus griseus

<400> SEQUENCE: 71

Met Ala His Ala Pro Ala Ser Cys Pro Ser Ser Arg Asn Ser Gly
1 5 10 15

Gly Asp Lys Gly Lys Pro Arg Lys Val Ala Leu Ile Thr Gly Ile
20 25 30

Gly Gln Asp Gly Ser Tyr Leu Ala Glu Phe Leu Leu Glu Lys Gly
35 40 45

Glu Val His Gly Ile Val Arg Arg Ser Ser Ser Phe Asn Thr Gly
50 55 60

Ile Glu His Leu Tyr Lys Asn Pro Gln Ala His Ile Glu Gly Asn
65 70 75

Lys Leu His Tyr Gly Asp Leu Thr Asp Ser Thr Cys Leu Val Lys
85 90 95

Ile Asn Glu Val Lys Pro Thr Glu Ile Tyr Asn Leu Gly Ala Gln
100 105 110

His Val Lys Ile Ser Phe Asp Leu Ala Glu Tyr Thr Ala Asp Val
115 120 125

Gly Val Gly Thr Leu Arg Leu Leu Asp Ala Ile Lys Thr Cys Gly
130 135 140

Ile Asn Ser Val Lys Phe Tyr Gln Ala Ser Thr Ser Glu Leu Tyr
145 150 155

Lys Val Gln Glu Ile Pro Gln Lys Glu Thr Thr Pro Phe Tyr Pro
165 170 175

Ser Pro Tyr Gly Ala Ala Lys Leu Tyr Ala Tyr Trp Ile Val Val
180 185 190

Phe Arg Glu Ala Tyr Asn Leu Phe Ala Val Asn Gly Ile Leu Phe
195 200 205

His Glu Ser Pro Arg Arg Gly Ala Asn Phe Val Thr Arg Lys Ile
210 215 220

Arg Ser Val Ala Lys Ile Tyr Leu Gly Gln Leu Glu Cys Phe Ser
225 230 235

Gly Asn Leu Asp Ala Lys Arg Asp Trp Gly His Ala Lys Asp Tyr
245 250 255

Glu Ala Met Trp Leu Met Leu Gln Asn Asp Glu Pro Glu Asp Phe

Synthetic

Asp

Thr

Tyr

Arg

Met

80

Ile

Ser

Asp

Leu

Gly

160

Arg

Asn

Asn

Ser

Leu
240

Val

Val

25

60

120

125
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-continued

178

Ile

Phe

Glu

305

Leu

Ser

Glu

Asn

Ala

Met

290

Val

Lys

Lys

Leu

Pro
370

Thr

275

His

Gly

Tyr

Ala

Val

355

Asn

260

Gly

Ile

Arg

Tyr

Gln

340

Arg

Ala

Glu

Gly

Cys

Arg

325

Gln

Glu

<210> SEQ ID NO 72

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Gly Glu Pro

1

Gly

Leu

Thr

His

65

Lys

Leu

Thr

Tyr
145

Gly

Arg
225

Ile

Leu

Pro

Asp

50

Val

Tyr

Leu

Ser

Met

130

Ala

Gly

Asp

Lys

Thr
210

Leu

Leu

Val

Gly

35

Ala

Ile

Asn

His

Thr

115

Ile

Lys

Cys

Asn

Val
195
Gly

Phe

Ser

Gly

20

Glu

Ala

His

Leu

Ser

100

Cys

His

Arg

Thr

Phe

180

His

Lys

Ile

Val

321

Val

Lys

Lys

310

Pro

Lys

Met

His

Thr

295

Glu

Thr

Leu

Val

Ser

280

Ile

Thr

Glu

Asn

Gln
360

265

Val

Val

Gly

Val

Trp

345

Ala

Cricetulus griseus

72

Gln

Arg

Glu

Gln

Leu

Asp

85

Ala

Ile

Asn

Met

Phe

165

Asn

Leu

Pro

Trp

Gly
245

Gly

Ala

Trp

Thr

Ala

70

Phe

Phe

Phe

Gly

Ile

150

Thr

Ile

Ala

Arg

Val

230

Glu

Ser

Ile

Val

Gln

55

Ala

Trp

Glu

Pro

Pro

135

Asp

Ala

Glu

Lys

Arg

215

Leu

Glu

Arg

Gln

Phe

40

Ala

Met

Arg

Val

Asp

120

Pro

Val

Val

Asp

Ser

200

Gln

Arg

Asp

Arg

Lys

25

Val

Leu

Val

Lys

Gly

105

Lys

His

Gln

Ile

Gly

185

Asn

Phe

Glu

Glu

Arg

Trp

Lys

Asp

330

Lys

Asp

Ile

10

Val

Ser

Phe

Gly

Asn

90

Thr

Thr

Ser

Asn

Pro

170

His

Gly

Ile

Tyr

Val
250

Glu

Glu

Ile

315

Phe

Pro

Val

Leu

Val

Ser

Gln

Gly

75

Val

Arg

Thr

Ser

Arg

155

Thr

Val

Ser

Tyr

Asn

235

Ser

Phe

Gly

300

His

Leu

Arg

Glu

Val

Ala

Lys

Lys

60

Leu

His

Lys

Tyr

Asn

140

Ala

Asn

Leu

Ala

Ser
220

Glu

Ile

Val

285

Lys

Val

Gln

Val

Leu
365

Thr

Asp

Asp

45

Val

Phe

Ile

Val

Pro

125

Phe

Tyr

Val

Pro

Leu

205

Leu

Val

Lys

270

Glu

Asn

Thr

Gly

Ala

350

Met

Gly

Gly

30

Ala

Gln

Arg

Asn

Val

110

Ile

Gly

Phe

Phe

Gly

190

Thr

Asp

Glu

Glu

Lys

Glu

Val

Asp

335

Phe

Arg

Gly

15

Ala

Asp

Pro

Asn

Asp

95

Ser

Asp

Tyr

Gln

Gly

175

Leu

Val

Leu

Pro

Ala
255

Ser

Asn

Asp

320

Cys

Asp

Thr

Ser

Gly

Leu

Thr

Ile

80

Asn

Cys

Glu

Ser

Gln

160

Pro

Ile

Trp

Ala

Ile

240

Ala
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-continued

180

Glu

Ser

Leu

305

Lys

Ala

Thr

Arg

290

Lys

Val
Lys
275

Ala

Glu

Val
260
Ser

Tyr

Thr

Glu Ala

Asp Gly

Leu Pro

Cys Ala
310

<210> SEQ ID NO 73

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met
1

Glu

Leu

His

Thr

Asn

Leu

Gly

Asp

145

Asp

Gln

Thr

Gly

Ile

225

Gly

Ser

Ala

Glu

Ala

Met

Ile

Ser

50

Val

Leu

Ser

Pro

Glu

130

Phe

Ile

Pro

Thr

Asp

210

Glu

Gln

Glu

Lys

Ile
290

Ser

Arg

Thr

35

Glu

Phe

Cys

Phe

Asn

115

Pro

Pro

Glu

Gly

His

195

Leu

Asn

Gln

Tyr

Lys

275

Asp

Leu

Gly

20

Ala

Lys

Thr

Ser

Thr

100

Ala

Ile

Ser

Leu

Phe

180

Gly

Glu

Met

Asp

Val

260

Leu

Ala

590

Met

Gln

Asp

295

Trp

Asp
Tyr
280

Phe

Phe

Phe
265
Lys

Arg

Thr

Cricetulus griseus

73

Arg Glu

Lys Pro

Ala Asp

Leu Lys

Asp Pro

70

Leu Gln
85

Val Leu

Ser Ala

Tyr Gln

Arg Met

150

Tyr Ser
165

Thr Ala

Val Phe

Tyr Arg

His His

230
Leu Ser
245
Tyr Thr

Leu Asp

Tyr Gly

Ala

Val

Glu

Arg

55

Pro

Cys

Leu

Leu

Met

135

Lys

Ile

Leu

Val

Gln

215

Phe

Gly

Asp

Phe

Asp
295

Ser

Ala

Lys

40

Lys

Gly

Leu

Ile

Gly

120

Leu

Pro

Gly

Ala

Leu

200

Cys

Asn

Gly

Ser

Tyr
280

Phe

Leu

Thr

25

Gln

Glu

Thr

Glu

His

105

Lys

Asp

Gly

Asp

His

185

Asp

His

Ala

Asp

Leu
265

Glu

Leu

Cys

Lys

Phe

Asp

Arg

10

Gly

Glu

Leu

Lys

Ser

90

Ser

Ile

Leu

Val

Ser

170

Pro

Ser

Arg

Val

Thr
250
Phe

Ser

Gln

Gly

Thr

Thr

Asn
315

Lys

Lys

Leu

Pro

Ile

Leu

Gly

Phe

Lys

Leu

155

Glu

Ser

Ala

Phe

His

235

Thr

Tyr

Val

Ala

Glu

Ala

Pro

300

Tyr

Leu

Phe

Ala

Leu

60

Gly

Tyr

Gly

Thr

Leu

140

Val

Ser

Ser

Gly

Leu

220

Arg

Cys

Met

Gly

Leu
300

Val
Ser
285

Phe

Glu

Arg

Trp

Tyr

45

Gly

Asn

Gly

Tyr

Ala

125

Ala

Thr

Ile

Leu

Ser

205

His

Leu

His

Asp

Pro
285

Gly

Thr
270
Asn

Lys

Gln

Arg

Asp

30

Lys

Val

Gly

Asp

Ser

110

Leu

Met

Cys

Ala

Ala

190

Leu

Lys

Gly

Pro

His
270

Leu

Pro

Phe

Gly

Gln

Ala

Phe

15

Val

Gln

Asn

Gly

Lys

95

Gln

Pro

Tyr

Ala

Phe

175

Val

Gln

Pro

Ser

Leu
255
Lys

Asn

Gly

Asp

Lys

Ala

Arg
320

Ser

Val

Gln

Tyr

Ser

80

Trp

Arg

Leu

Met

Asp

160

Glu

Gly

His

Ser

Phe

240

His

Ser

Cys

Ala
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181

182

-continued

Thr
305

Ala Glu Thr Thr Val

315

Tyr Lys Asn Ser His

310

Met
325

Gln Ile Phe

330

Leu Leu Asp Arg Lys His Leu Leu

Val
340

Val Val Asn Ser Phe

345

Pro Leu Asn Leu Asn Arg Tyr

Thr Thr Glu

355

Glu His Phe Thr Ser Asn

360

Tyr Leu Leu Gly

365
Ala Glu
370

Gln Ile Ala Phe Val

380

Ser Ser Phe

375

Leu Gly Leu

Glu Glu

390

Val Ile

395

Pro Ser His Pro Ser

385

Asp Lys Cys

Val
405

Ala Val

410

Ser Gly Cys Cys Pro Gly Ser Val Glu Tyr

Glu Val

420

Gly Ile Glu Asn Ile Ile Ser

425

Pro Ser Ser Cys

Ile Glu Ala Val Pro Ser Phe Val

440

Lys Leu Pro

435

Cys Cys

445

Glu
450

Ile Glu Thr Met

460

Leu Ser Val

455

Asn Gly His Tyr

Glu
465

Val Thr Ile

475

Asn Ser Ser

470

Asp Asn Leu Lys Lys Asp

Gln Phe Phe Val Phe Thr

490

Leu Gly Leu Leu

485

Cys Cys Asp

Ala Met

500

Glu Glu Phe Ser Ser Thr

505

Leu Lys Leu Gly Lys

Thr
515

Ala Ile Phe Val Leu

525

Pro Ser Ser

520

Leu Trp Arg Cys

Ala
530

Ala Met

535

Ser Leu Gly Leu Asn Ala Ile Arg Asn

540

Phe
545

Phe
550

Ile
555

Ser Leu Ser Asn Lys Leu Leu Ser Gln Glu

Cys Lys Asp Val Gly Met Leu Ala Glu Gln

565

Asp Tyr

570

Arg

Glu Ile Gln Ser Ser Glu

585

Ser
580

Ser Lys Arg Lys Asp Lys

Thr Lys Glu Glu

Lys

His

350

Ser

Pro

Ile

Ser

Gly

430

Ser

Phe

Ile

Ile

Gln

510

Ser

His

Met

Leu

Ser
590

Ser
320
Gly Thr
335

Ile Gly

Leu Gln
Val

Asn

Asn
400

Leu

Arg Leu

415

Ser Val

Leu Ser
Gly Met

Met
480

Lys

Trp Asn

495

Leu Ser

Glu Ser
Pro

Ser

Leu
560

Leu

Phe
575

Leu

What is claimed is:

1. An animal cell containing a DNA encoding an antibody,
wherein said animal cell is modified, by a modification, to
exhibit a reduced amount, or an absence, of N-glycoside-
linked sugar chains containing fucose linked through an at-1,6
linkage, and wherein said animal cell produces antibodies
that do not contain fucose linked through an a-1,6 linkage,

wherein said modification causes a reduction in, or an

absence of, at least one intracellular sugar nucleotide in
said cell, said at least one intracellular sugar nucleotide
being selected from the group consisting of: GDP-a4-
keto-6-deoxymannose; GDP-a4-keto-6-deoxygalac-
tose; and GDP-fucose.

2. The animal cell according to claim 1, wherein said
modification is the introduction into said cell, or the deletion
from said cell, of an enzyme, said introduction or deletion
causing a reduction in the amount, or an absence, of the at
least one intracellular sugar nucleotide in said cell.

50

55

60

3. The animal cell according to claim 2, wherein the
enzyme is an enzyme which alters the structure of a substrate
for an enzyme in a GDP-fucose synthesis pathway.

4. The animal cell according to claim 3, wherein the
enzyme in the GDP-fucose synthesis pathway is GDP-keto-
6-deoxymannose 3,5-epimerase 4-reductase.

5. The animal cell according to claim 1, wherein the anti-
bodies produced by said cell that do not contain fucose linked
through an a.-1,6 linkage constitute 20% or more of the total
antibodies produced by said cell.

6. The animal cell according to claim 5, wherein the anti-
bodies produced by said cell that do not contain fucose linked
through an a.-1,6 linkage constitute 50% or more of the total
antibodies produced by said cell.

7. The animal cell according to claim 1, wherein the animal
cell is a CHO cell.



